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PREFACE.  i» 

Table  XLVIL  codUids  ^e  tipeie?  of  hi^h  w^ater  on  thie  full  and  change 
of  the  moon,  with  the  yertical  rise  of  the  tide,  at  many  ports,  harbourS)  fee. 
in  the  world.  This  tafiue  (like  the  preceding)  depending  w)ioily  on  observ»> 
tioDS,  ur  JJierefore  liable  to  be  erroneous,  though  great  pain3  have  bejcn  taken 
to  make  it  as  correct  as  possible. 

B^t  of  the  jtables  of  this  collection  have  been  republished  in  London  in 
8ev4MNlJ  editions  of  a  work  having  the  following  title :  '^  The  Improved  Prac" 
iic^d-JStavigcdoTy  originally  ipriUpn  and  calculated  by  Nathaniel  Bowditch; 
rmaedy  recalculateJ^ond  nituHy  arranged^  by  Thomas  Kirbt."  But  a  num- 
ber of  mistakes  have  bieen  made  in  printing  the  Tables  of  Mr.  Kirby's  first 
edition,  some  o(  which  have  been  taken  notice  of  by  I>r-  Mack^y,  in  the 
preface  of  his  *^  Complete  Navigator ;"  and  as  the  manner  in  which  those 
miatakea  are  mentioned  might  lead  the  reader  to  suppose  that  the  same  er- 
rors existed  in  the  American  Tables,  it  is  thought  proper  explicitly  to  state, 
that  not  one  of  the  "  many  errors  and  contradictions,"  Doctor  Mackay  has 
mentioned,  b  to  be  found  therein. 
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AD  VERTISEMENT. 


The  Proprietor  of  BOWDITCWS  PRACTICAL  NA^ 

VIGATOR^  having  expended  a  large  sum  in  ttereotyping  most 
of  the  Tables  in  this  Edition  (fifth)  hands  it  to  a  liberal  public 
more  correct  than  any  work  of  the  kind  extant.  The  uncommon 
expense  will,  he  hopes,  be  a  suitable  apology  for  soliciting  pat' 
ronage  for  such  of  his  JVauticai  works  as  are  entitled  to  merity 
more  particularly  enumerated  on  the  back  of  the  title-page,  to  which 

they  are  referred  by, 

* 

Respectfidly, 

Their  Obt.  Serv't, 

EDMUND  M.  BLUNT. 

Aug.  1821. 
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DECIMAL  ARITHMETIC. 


SlfnTHM'TlikV  OF  nUClMALS. 

MiililriiiMloii  of  (Wlinith )«  pt^iToriuiul  in  tho  same  manner  as  in  whole  niim- 
liiMh.  Iiy  ultt«(r\iii|K  ((I  Hi«t  t)ii>  A|i(urt*n  of  tlie  samu  denoniination  and  the  se^ 
|t<ihinii|^  |M)i(iU  itiivrtly  iukUt  nitrh  othrr. 

KXAMPLRS. 

Vuww  MA\\}  mi. 75  1.S54  1364.2 

TrtKu      tA\\\  .o:A  .816  £5.163 


A6.7M 


.038 


1339.037 


MVhTWUi\rriii.\r  of  decimals. 

h\\\\\\\\\yt  \\\^  \\\\w\w\*  U\i^f>\\w\  the  utixw^  ns  nthey  \icre  uhole  numbers,  and  point 
oil  i«k  \\u\\\\  ^\pi\\^M^U  U%\\\\  th(»  nn^i  baud  a«  ihena  aie  dccimaU  in  both  factors  toge- 
\\\s  \  ,  tMut  >Ouu  \\  bnp)H«u>  thai  iht't^*  mc  not  «k>  many  fi{(ure$  in  the  product  as  there 
\\\\\*\  ho  ihu  hnaU,  ihrn  pivh\  an  many  oi|\hmt  to  the  leu  hand  as  will  supply  the  delect. 

KXAMH.K  I.  EXAMPLE  IV.        Multiply  .17 by  .06 

MuUipVv  «1»JA  hy  4  A 


4.A 


.17 
.06 


/^tuwiM       14.1^  ^S 
)«(  «M\t^  x\\  \\\^  iV)«itM»u  on« decimal  and  EWMVlJil  V 
\\\  wu  it«u«M  t^s«^i  U\««u  nuin  A  i«  tha  nnin 
iit>i  iti  tU'tUtw^U  \\\  <h«  |mvtu«l* 

MXAMnK.  \U 

NUdUiav  tK\  h)  tVI 

«? 


Answer      .OIQS 
In  each  of  the  Aietors  are  two  decimals, 
the  prMlact  ought  thetefora  to  contain  4. 
and  there  hein^  only  three  ik^ures  in  the 
pn.v\uct  I  prrtix  a  clphar. 

Mttluply  as  br  M. 
.It 
U 


n 


Mtdiiivlv  :iidAh\  av\ 
tv\ 


RXAMrU;  VI.     ^  MvlupilT  X.1  br  2. 


ft^ 


.ld4A  IWUut.  \n«wer 

imisnix  or  inKi^iMLii^ 

\\\\  \^\\\\\  \\\  it«t«MmaU  u  |MMh>»«n«s^  m  the  v«aM  aaanaet  »ii  in  witcOc  suamhrrt:  ut:^ 
M\.\  \  \  \\\\  \\\M  \\\^  n\M^lHM  «\t  ^le^'^waU  ^n  the  ^iH^Meni  «mh«  V  e^fM)  ie  Oie  exors<^ 
Wu  M»>».a»>  \  .«<  \\s\  \\\\l^\*  »M  *hi(»  «UvhhMb«d  aKN^^thtUMf  «i  the  £HMir« — Wie*  a«  r.-*— 
^\\\  I  »tia.M«s»  \no\o  ^UhmumI*  <han  th^  ^tx«^VM4«  c^j^ihetit  «a«Ti4  Sr  a&w^  )^  S2«  z:^l: 
litMil  Ml  ttw  \M\\\  ^^\  i^sU  tUe  m«iMher  r>|uat  wh  e4.x>hNl  that  «>f  «>]e  ^<«oc. 

l\VMrU:\.  s  KXWinJK  Ul 

\  tOM  ;     fW^KVH.  Iv^  the  .*i>v,v)e«  I  fcff.T  a  ia:ni»r 


Hh^ea  ns^  a^VN  hs  \  a\x. 


1 1.  (Ill-  .  ••  \\\\\\W  \\\\^^  My  ^d«s<maU  «^ 

III-    III  .»,  ^\\\\\  >  u\  yiw^  \\\\  \\Ks\\\  hv^»w 


Vh^t^>M^  the  *>to^^.  J^,^V.Ar  V  iW. 


DECIMAL  ARITHMETIC. 
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EXAMPLE  IV. 

Divide  9.6  by   06 

.06)9  60      *• 

160  Answer. 

Here  by  affixing  a  cipher  to  9.6  it 
iiecomes  9.60,  and  has  then  2,  decimalii 
in  it,  which  is  the  same  number  as  is 
in  the  divisor,  therefore  the  quotient  is 
9n  integer  number. 


EXAMPLE  V. 

Divide  17  256  by  Mf 
1.16)17.25600(14  8i§ 
116 

565 
464 

1016 
928 

880 
812 


.2  Answer. 


680 
580 

REDUCTIOJV  OF  DECIMALS. 

If  you  wish  to  reduce  a  vulgar  fraction  to  a  decimal,  you  may  add  any 
number  of  ciphers  to  the  numerator,  and  divide  it  by  the  denominator,  the 
quotient  will  be  the  decimal  fraction ;  the  decimal  point  must  be  so  placed 
tnat  there  may  be  as  m.iny  figures  to  the  right  hand  of  it  as  you  added  ci- 
phers to  the  numcnitur  ;  if  there  are  not  as  many  figures  in  the  quotient,  you 
must  place  ciphers  to  the  left  hand  to  make  up  the  number. 

EX  AMPLE  I.  Reduce  |  to  a  decimal.     EXAMPLE  IV.    Reduce  Sh  inch- 
^)*o  es  to  the  decimal  of  a  foot. 

3i=J  :  this  divided  by  12  is  ^, 

24)7.000(.291  Aniw«r. 
48 

»0 
S16 

40 
24 

16 

EXAMPLE  V.  Reduce  1  foot  and 
6  inches  to  the  decimal  of  a  yard. 

Here  1  foot  6  iDcbes=18  inches. 

And  1  yard=:36  inches,  therefore 
this  fraction  is  ii, 

36)i8.0(.5  Answer. 
180 

If  you  have  any  decimal  fraction,  it  is  easy  to  find  its  value  in  the  lower 
denominations  of  the  same  quantity  ;  thus  if  the  fraction  was  the  decimal  of 
a  yard,  by  multiplying  it  by  S  we  have  its  value  in  feet  and  parts ;  if  we  mul- 
tiply this  by  IS,  the  product  is  its  value  in  inches  and  parts  ;  and  in  the  same 
manner  the  values  may  be  obtained  in  other  cases. 


EXAMPLE  IL  Reduce  I  to  a  decimal. 

8)3.000 


.375  Answer. 


EXAMPLE  III.  Reduce  Sincbes 
to  the  decimal  of  a  foot. 

Since  12  inches=l  foot,  thi^  frac- 
tion is  ^. 

12)3.00 


.25  Answer. 


EXAMPLE  VI. 

Required  the  value  of  3.25  yards. 


3.S5 


.75 
12 

9.00 


Answer  3  yards,  0  feet,  9  incbcs« 


EXAMPLE  VII. 

Required  the  value  of  7.231  days. 


7.231 
24 

924 
462 

5.544 

60 

32.640 

60 


38.400 

Answer  7  days,  5  hours,  82  minutes, 
land  S8  seconds. 


(  4  , 

g  f  P.tfVfp/tfif  j4  ffiA  C;^i^ri^^  whf/-h  ff^-^N  of  th«  il«»icriptfon,  properties' 
^  #  .,,,,!  rt-Litifttr*  e,f  tftn%ti'tf'if^^^  iff  r^-ri^Tiil,  hf  nh'tth  th^'T^  are  thre«  kinds 
Mr  J,^^,«  -,  rff/  i  ||/,A  wKf^-N  hit<  /foty  M>rf|(Oi  wJJhout  ^s'lth^r  brcadth  or  tbick- 
n'       .    1  '•rff^r/l^^«,  ^/rrfffrr^h^f|/l^/|  >i/  t^rif^th  HfiH  hr#!4<Uh,  and  a  SOlid,  which 

I. 

^  f'tti't  t-t,tt9u\*'rM^  mfttUt-rnmVifm])Y  htin  un  If.ngUif  breadthi  or  thickness. 
A  :■  ^^  A  te,f4  f  1  t^t-  hr  tiiftti't  timp.  U  f|i#»  Mhorf fmt  dintance  between  the  tiro 

p^uttt^.    tffnt'h  Uttiiln  fU  l^fll(Hf,  M  A— — C 

Iff. 

A  ft  t  *'t   *-i  tpprit  r*  U  Mint  Wi  vvhif^h  any  tiro  points  being  taken,  the 
■'^t'lrh^  huh  Mffhhtt  IhMtt  Dvd  «tb'illir  hi  that  NiirrncA. 

IV. 

I'^i*\f.ttt.  tiMtt  nrh  Muth  nti  ar»*  hi  fhi«  Minn  plana  A B 

»,nt1  -♦hjf.h  hfU'tttthtl  int\n)U'\f  fht  lJ^r#r  innri,  m  AH.  DC.       D  C 

V. 

A  /  ffi^^^  Ik  m  |rfHrff'  nKM^^,  hfiii»Ht«*f1  hjr  Nil  I mirorni  curve  line ;  it  is  com- 
ttthf^l^  tthmhtthfl  nhh  II  prth  tif  MMtipHMi*!!  j  ofii*  pohit  of  which  is  fixed, 
r-;hil  f  Mf'-  f«fh'<r  )q  hff  mmI  riiMiid  In  lhi»  iiIkih*  whrrr  thit  motion  first  began  ; 
Mr'  rr-f  ft  jf#i)ff(  it  ^Hl|f■(t  lh^  ir  MtM>«  Mtiu  tliA  IhiQ  dnacribod  bj  the  other  point 

VI. 

Ml/  «f « f«f»«  ii^  n  ^lf^lf•4fl^  nftiHiiiiAMrTrN, 
}•  '.  HfUf  liMMlrrttTM  lMttM(hM••*lllrti1ltlhprlr- 
.  .H/i^  rf  fiM.,  ff4  AT  !  H^  II  In  llial  lino  whirh  U 
»;il'/ii  <•/  fHr^hf,  fill,  pfiifil*  nrihi'  MHMpnani»^lu  A 

^  f>f«<f'  fMt  til  M  h|ii.|ii  h  11  Haiti  llitiMlrairii 

(liff.fffli  ijfi  ^hMlr^'lMlill•l•M|llall•MHl  ImtllfilMU    I) 

fir  Mil  HlfMMffnifMiM«, UK  AI.'Mt  rtiid  l«  Ihpilou- 
lif'  '  1  »ii(<t'Ml|iiii  .AT  A  iliHiMi>li*i-di\hU>K  Ihr 
/ 1  '  l< .  'iHfl  Hit  i'lii'iiitih*i^HiM*  IhIo  \\\u  %*^\^v^\ 

fiNiif  vn. 

Ill  <fii  M  iif  fi  Hthli*  Umtv  pHil  III  poHUin  wtxlkp  riTvuinfirnMKe.  «s  DFX. 

>ni. 

I  III' » ttMhh  III  'iH  Hi-fh  U  rt  ahi^l^^il  lini«  l«Mm)^L  ^Im^  ^'^^^  ^  t^  axh:  i: 
«|l  lili  •  III!  itnli*  inlti  liiinitmpttil  prtiUt  I'rtnril  ^vwMvNT^.and  Kacbc^rc  :• 
III.  Ill  I.. .Ill  .|H  |i|.!  |m  (hi>  fhiiitt  III  Mil'  mvliiMi  UKK aihI  IH^R. 

I\ 
A    -I. tilt  ini  If,  ni  hill  rlivlr.  U  rt  fV||iMv  c^M\Um«Nl  m-sWa  ^iamracir  and 
(III  '\\.\\  ti  ihihi'ilM^  \\\  \\\M  \\\M\\vyv\\  A*  \\U\  iM  WtV     Vrj  pj*«  ^'  &  rj:^ar 
I  iiitiitiui'il  lii'inri'i^  l\^ii  \^}\\\  M\\\  t^i\  Aivh,  i^c.-^ltf^^  a  tt»*%  tv»ii. 

\ 
\  rti  ii'H  \'\i  <«  \^^\^  A  «r^>^iviivV.  *M  *w^  t^M»ilN  jvatS  <yi*  a  >i»-h^'if   cirrJt.  *? 

I  -MN <<\  ,^.  1^  ,i*ri^  .«v>^  r^i>^'.  Vk:»H«i,  v.OS'^^*VN>  V  JiTV.  .f*^,-!  i^rijr-w  inif 

•■■«.•     \l  )    •\'--      t  ^■•'l  i<  *VTM-f^»i       :^^)|  ,\s,.:>  |Vk*.^r  f<*  TFrf,s  f,**  <«0'll*    Hfc-N     •'-  llPX 
...      ,\         *.»,^     .V    ,*  -  v-'t.'  \S    \^«.   .^••r^^^*.*  V^v    Ji'^A   ftfi  *  vX  ^  *l»tf.  1/    hi  «'.   IS 

^..  ^    .    ,1   ,»»..  .■»   »•.    1  ,-^^-t«--"v  pi  «ft.  /»    ^v,-    ''VA  »*nV  ^■^^■h  ;hf  viTiin^uv^pnr* 


--v"       *        ^*."..^»       ,.«. 


1  ^ 


aEOMETRY. 


XL 


An  Angle  is  the  inclination  of  two  linei  which 
meet,  but  not  in  the  same  direction. 


An  angle  is  usually  expressed  by  the  letter  placed 
at  the  angular  point,  as  tne  angle  A.   But  when  two 
or  more  angles  are  at  the  same  point,  it  is  then  ne- 
cessary to  express  each  by  three  letters,  and  the  let- 
ter at  the  angular  point  is  placed  between  the  two.  . 
Thus,  the  angle  formed  by  the  lines  AB,  AC>  is  call-^ 
ed  the  angle  BAC  or  CAB,  and  that  formed  by  AB,  AD,  is  called  the  angle 
BAD,  or  DAB. 

•^n  angle  is  measured  by  the  arch  of  a  cirde  comprehended  between  Iht  tufo 
legs  that  form  the  angle,  the  centre  of  the  circle  being  the  angular  point. 

Thus  the  angle  A  is  measured  by  the  arch  BC  describ- 
ed round  the  point  A  as  a  centre,  and  the  angle  is  said  to  ^^^ 
be  of  as  many  degrees  as  the  arch  is,  that  is,  if  the  arch      ^^^^^^^'''^\ 
BC  is  SO®,  then  the  angle  BAC,  is  said  to  be  an  angle  of  SO  A-^^,,^^^^^^  I 
degrees.                          ^                                                   ^--^ 

If  a  right  line  AB,  fall  upon  another  DC,  so  as  to  incline  neither  to  the  one 
side  nor  the  other,  but  makes  the  angles  ABC, 
ABD,  equal  to  each  other ;  then  the  Tine  AB  is 
said  to  he  perpendicular  to  the  line  DC,  and  each  of 
these  angles  is  called  a  r^ft<  an^,  being  each  equal 
to  a  quadrant  or  90® ;  because  the  sum  of  the  two 
angles  ABC,  ABD,  is  measured  by  the  semicircle 
DAC,  described  on  the  diameter  DBC,  and  cen- 
tre B. 

XIII. 

An  Acute  Angle  is  less  than  a  right  angle,  as 
ABC. 

XIV. 

An  Obtuse  Angle  is  greater  than  a  right 
angle,  as  G£H. 

The  least  number  of  right  lines  that  can 
include  a  space,  are  three  which  form  a  fi- 
gure called  a  TriangU^  consisting  of  six 
parts,  viz.  three  sides  and  three  angles :  it 
is  distinguished  into  three  sorts,  viz.  a  right 
angled  triangle,  an  obtuse-angled  triangle, 
and  an  acute  angled  triangle. 

XV. 

A  Right-angled  Triangle  has  one  of  its  angles  right ; 
the  Side  opposite  the  right  angle  is  called  the  hypotenuse ; 
and  the  other  two  sides  are  called  legs ;  that  which  stands 
upright,  is  called  the  perpendicular,  and  the  other  the 
base ;  thus  BC  is  the  hypotenuse,  AC  the  perpendicular, 
and  AB  the  base ;  the  angles  opposite  the  two  legs  are 
both  acute. 


XVI. 

An  AcuTE-ANOLED  TRIA^ULE  lias  each  of  its 
angles  acute,  as  DEG. 


l^ 


oEonfi^ntr. 


A<amdi^Aft€utmmjy*tKeiswMuuredhyhal/th€  arch  U  svhtendsi 
l>r  as  aacl*  ift  tiie  cftie  atondini;  oo  the  same  arch  jq 

«  nuunrcdftjli^  vhole  arch(i3f  arl  11);  butsineean 
iair^M  ic  :^  ccBtre  s  doable  th;«t  at  the  circumference,  ^  X  T/  \  ^'g 
cr^  i^  f'xm  evideot  diat  an  abgle  at  the  circumference  ^/\ 
ainec  te  nrasmr*^  fay  half  the  arch  it  stands  upon; 
Hry-ii  iS  m^Us  ACB.  ADB,  AEB,  kc  erf  (^  drcum- 
.•fe?air?  'ff^  <  carc>  jtea^^Rg-  on  fik«  «am«  c^r^  AD  are 
ira^  ti  r-acA  dkr :  (or  Uietr  are  all  measured  by  the  same 
KciL.  T-Jx.  iaM  tke  aich  AB. 

XLD. 
mil  rajrfr  vk  e  jugMurfgrMicr  Iftim  a  lemtcircte  is  2eM 

TIT'S  Tt  aB'T"  be  a  Moment  greater  than  ^  semicircle, 
cvb  AC  dc  vinch  it  stands  must  be  less  tlihn  a  semi- 
tictitf   iir.i  Sfte  b>sf  Of'  it  lew  than  a  quadrnnt  or  a  right 
Tii^h  :  bi£  'J»  fi^^   ABC  io  the  segment  is  measured    ^ 
Vt  liie  ioAr  of  ISC  arch  AC ;  therelbre  it  is  less  than  a 


•At  fvie  Ml  ^  jeanrifxie  isarig^ht  angle, 

Frr  ar.<^e  DEF  is  ^  semicircle,  the  arch  DKF  miist 
2ib'.  >r  i  «*CizVj  Tie  ;  but  The  an^Ie  DEF  is  measured  by  01 
loll  li.^  »rr*:  DKF,  that  is,  by  half  a  semicircle  or  by 
h  ciu^in^i ;  therefore  the  angle  DEF  is  a  right  one. 

•fa  nscff  M  a  9tg9taU  let*  Aon  a  aefnieirde  is  greater 
tium  s  rigid  cm^. 

Tbos  i[  GHI  be  a  sei^^nent  less  than  a  semicircio,  the^ 
arrh  GLI  oo  which  it  stands  must  be  greater  than  a  se-^ 
-loun-le,  and  its  half  greater  than  a  quadrant  or  right 
MTifAe :  tfaerefoTP  the  angle  GHI  which  is  measured  by 
batf  the  arch  GLI  is  gnater  than  a  right  angle. 

XLIII. 

If  frvm  tU  eemtrt  C  of  Ikecirde  ABE,  therebehtfall 
Hi  papenJiemimr  CD  <m  the  chord  AB;  UwiU  Insect  the 
dttnd  u  Ike  poimi  D, 

Draw  the  radii  CA,  CB,  then  {hy  art  S9)  the  angle 
CBA=tbe  angle  CAB,  -ind  as  the  angles  at  D  are  rignt, 
the  a:>gte  ACD  must  be  equal  to  the  angle  BCD  (by  art. 
56.}  Heoce  in  flie  triangles  ACD,  BCD,  we  have  the 
an^  ACD  equal  to  the  angle  BCD,  GA=:CB  and  CD 
commoD  to  both  triangles,  Consequently  (by  art  37)  AD 
=:DB,that  is,  AB  b  bisected  at  D. 

XLIV. 

Tffrom  lAe  centre  C of  ike  dreU  ABE  there  be  drawn  aperpendiadar  CD, 
io  the  chofd  AB,  and  Ube  conHntied  to  meet  the  circle  in  F,  it  will  bisect  XhA 
areh  AFB  in  F.    (See  the  preceding  figure.) 

For  in  the  last  article  It  was  proved  that  the  angle  ACDsthe  angle  BCD^ 
hence  (&y  are.  1 1 )  the  arch  AF=£the  areh  FB. 

XLV. 
Any  line  bisecting  a  chord  at  rigid  angles  is  a  diameter. 
For  since  (by  art.  43)  a  line  drawn  from  the  centre  perpendicular  to  a  ebord 
bisects  that  chord  at  right  angles,  therefore  conversely  a  line  bisecting  a  chord 
at  right  aligles)  must  pass  through  the  centre,  and  consequently  be  a  £amet»r« 


kb  GEOM£tRY. 

Il  arj  ptane  trkicke  ABC,  if  the  Hoe  CD  b^ drawn  perpendicular  t6  (be 
bast  a1«.  d!«  iuinr  ':  into  two  se^meots,  AD,  DB,  and  the  base  AB  be  bisect- 
•jc  !i.  1 1  ituu.:  R.  ^t-  shilJ  haTe^ 

.6l'  /'i*  &  .^  ,iB  is  i'j  Ihi  n/m  ofikttideSj  AC.  BC,  80  is  (he  difference  tifike 
siiU'.i  It  iafi'.t  ;/i-  distant  DH of  the  perpendictdar  from  the  midSueqf  the  beue^ 

l*:mi  V'lii  .be  sxtiLVer  side  CB  as  radius,  describe  about  the  centre  C  the 
ci-^H  hPGrl..  laeeuns;  tbe  other  side  produced  in  the  points  £  and  F,  ancl 
zii*  udL-a  Ali  i*rodooed  in  G :  join  GF  and  BE.  Then  A£  is  the  sum,  and 
£j  iut  DiSensnot  of  tbt  bides  AC,  CB ;  and  since  CD  is  perpendicular  to 
GL  :u'.  iiut  Glj  ft  bisMa/ed  in  D  flnf  art.  A3}  and  as.AB  is  bisected  in  H,  the 
iim  ix^  vr  {laioil  to  Twjot  DU.  Now  in  the  triangles  BA£,  GAF,  the  angles 
fllTL  GF  A  an:  <squid  Ipy  3.rl  4i;  and  the  angle  BA£  is  equal  to  GAF  (bg  tai* 
i:<  iiitirisifi-t  tilt  r^xQixluiD^  au^es  AEB,  AGF,  are  equal,  and  thi^rtriangleB 
Lr  J.  's^.  HTt  fiimihtj .  cDObtquentlj  f^  art,  54^  AB :  A£  : :  AiS:  AG,  or 
iwi<_-^  HI-  wiiici  sk  the  proposition  to  be  demonstrated.  Having  thus  ob* 
uinHrL  'ill),  we  fnar  fiud  tlie  ae^ments  AD,  DB,  by  adding  HD  to  the  half 
unst  ILL  or  HB  and  br  taddng  their  difference. 

LXI.     '  I, 

e'  rudim  %t  iv  &f  atfucn  if  C&e 

n'-.y*ir  n^ hoL^ u^eHhwfttU  on- 

•    •  •"   •        • 

::fr'^  ai'ih*  "^scianeU  coi:ia^wsd  vy 

i'r  lift  siikti  mductfAT  i^ud  angie' — ■ — — — — ^ «^ «, 

r,  h  in'  •■•monzri?  coniaintd  iy  th*  A-  -C  rl  af       JB  . 

•'U  -  nan.  of  U&t  ndet.  end  that  half  sum  deereased  &y  the  side  opposite  to  thai 

V  iiui  i:.   lUi  triangle  CB£,  tbe  sqaare  of  radiki  is  to  the  square  x^f  the  co-sina 

CB+C£-fi3E  CB+CE^B£ 

■:    iicdf  tiJt  iiDgit  C,  &E  tbe  rbciajDsle  CBxCE  is  to *■  X — — - 

2  2 

To-  cciutiQut:  EC  tu  A)   imking  CA=CB|   draw   BD    perpendicular  to   CE,  bi- 
bee.  CL  ii:  U,  uud  join  AB.     Then  (supposing  CB  to  be  greater  than  £B)  we 

CB2— BE2 

hitvfr    (bj  art.  GO;    C£  :  CB+BE  :  :  CB— BE  : =:2.HD ;    by  adding 

CE 

CB2— BE2-fCE3 

ijtiif  tui&   to   half  the   babe=CH9  We   have   tbe  segment  CD= — '• ; 

2.CE 
CB2— BEa+CE^+^CE-CB 
tc     tbui    adding    CA    or    CB,    we    hare    AD  =  ■  = 

2CE 


Cb4-C£:.-— BE2    CB-fCE-4-BExCB-fCE— BE 

== Again,    AD=AC+CD=:CB+ 

i.Ct  2.CE 

CD;    hence  AD!^i=CBi+9CB-CD-fCD2 ;  also,  BD2=CBi— CD2;    hence  AB3= 

AD--i-BD=i=2.C52^2cB-cn=«CRxCB-|-CD=2CB  .  AD;    hence  AB2  :  AD^  :  i 

CB-4-C'f-H-BE  .  CB-fCE— BE 

2CB  :  AD=:  ;  but  AB  being  radius,  AD  is  the  co-sina 

2fJf: 
o*"  Utf  allele  A,  which  is    4  aj  to  half  the  angle  C  (by  art.  40;)  therefore  the  square 
of  rdfiiufe  ib  iu  squa'^  f'  liir  ro-hiiieoi  half  the  angle  C,  as  the  rectangle  CE'CB  is 
CB-fCfc-f-Bi:     CB+CK-BB 

to  the  tectaugle x  — 

2  2 

The  other  cases  of  this  proposition  may  be  demonstrated  in  the  same 
manner. 


GEOMETRICAL  PROBLEMS. 
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PROBLEM  Vlll. 
To  find  the  centre  of  a  given  Circle. 
With  any  radius,  and  one  foot  in  the  cjr- 
cu inference  as  at  A,  describe  an  arch  of  a  cir- 
ch'y  as  CBD,  cutting  the  given  circle  in  B;  with 
the  same  extent,  and  one  foot  in  B,  describe 
another  arch  CAD,  cutting  the  former  in  C  and 
D ;  through  C  and  D  draw  the  line  CD,  which 
will  pass  through  the  centre  of  the  circle ;  in 
like  manner  may  another  right  line  be  drawn, 
as  £FG,  which  shall  cross  the  first  right  line 
at  the  centre  required.  This  construction  de- 
pends upon  Article  43  of  Geometry. 

PROBLEM  IX. 

To  drato  a  Circle  through  any  three  given  points  not  situated  tn  a  Right  Line, 

Let  A,  B  and  D  be  the  given  points.  Take  in 
your  compasses  any  distance  greater  than  half 
AB,  and  with  one  foot  in  A  describe  an  arch 
EP  ;  with  the  same  extent,  and  one  foot  in  B, 
describe  another  arch  cutting  the  former  in  the 
points  E,  F,  through  which  draw  the  indefinite 
right  line  EFC  ;  then  take  in  your  compasses 
any  extent  greater  than  half  BD,  and  with  one 
foot  in  B, describe  an  arch  GH  ;  with  the  same 
extent,  and  one  foot  in  D,  describe  another 
arch  cutting  the  former  in  the  points  G,  H, 
through  which  draw  the  right  line  GHC,  cut- 
ting the  former  right  line  EFC,  in  the  point  C ; 
upon  the  point  C  as  a  centre,  with  an  extent 
equal  to  CA,  CB,  or  CD,  as  radius,  describe 
the  sought  circle. 

PROBLEM  X. 
To  divide  a  drcU  into  £,  4,  8,  16,  or  3E, 

equal  parts. 

Draw  a  diameter  through  the  centre,  di- 
viding the  circle  into  two  equal  parts ;  bisect 
this  diameter  by  another  drawn  perpendi- 
cular thereto,  and  the  circle  will  be  divided'*' 
into  four  equal  parts  or  quadrants ;  bisect 
each  of  these  quadrants  again  by  right  lines 
drawn  through  the  centre,  and  the  circle  ' 
will  be  divided  into  eight  equal  parts ;  and 
so  you  may  continue  the  bisections  any 
number  of  times.    This  problem  is  useful 
in  constructing  the  mariner's  compass. 
PROBLEM  XI. 
3\)  divide  a  given  Line  intoflny  number  ^  equal  parts. 

Let  it  be  required  to  divide  the  line  AB 
into  five  e^ual  parts. — From  the  point  A 
draw  any  hne  AD,  making  an  angle  with  the 
line  AB  ;  then  through  the  point  B  draw  a 
line  BC  parallel  to  AD ;  and  from  A,  with< 
any  small  opening  in  your  compasses,  set  off 
a  number  of  equal  parts  on  the  line  AD,  less 
by  one  than  the  proposed  number  (which  (^ 
number  of  equal  parts  in  this  example  is  4 ;)  ^ 
then  from  B  set  off  the  same  number  of  the 
same  parts  on  the  line  BC,  thei)  join  4  and  1,  3  and  2,  2  and  S^  t  aivd<.  vxsA 
those  lines  wtll  cut  the  given  line  as  requ\T^.fV. 
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tOGARITHJyi^.  d» 

fo  calcuiaU  COMPOUND  UTTEREST  hy  LogarUhms. 

To.  100  dollars  add  its  interest  for  one  year ;  find  the  logarithm  of  this  sum 
ilnd  reject  2  in  the  index,  then  multiply  it  hy  the  number  of  years  and  parts 
of  a  year,  for  which  the  interest  is  t6  be  calculated;  to  the  product  ada  the 
logarithm  of  the  sum  put  at  interest ;  the  sum  of  these  two  logarithms  will 
be  the  logarithm  of  the  amount  of  the  given  sum  for  the  given  time. 

EXAMPLE. 
Required  the  amount  of  the  principal  and  interest  of  355  dollars,  let  at  t 
per  cent,  compound  interest  for  7  years  ? 
Adding  6  to  100  gives  106,  whose  logarithm,  rejecting  2  in  the  index,  is  0.02531 

Multiplied  by  7 

* 

Product  0.17717 

Frinciflal  355  dollar?  log.        2.55023 

Sumgives  the  log.  of2;33,83  log.        2.72740 

Therefore  the  amount  of  principal  and  interest  is  533  dollars  and  83  Cents. 

7h.Jind  Ihe  LogarUhni'Sine,  Tangent^  or  SecaiU,  correnHmding  to  any  number 

of  Degrees  and  Minutes,  by  TahU  XXVII. 

The  given  number  of  degrees  must  be  found  at  the  bottom  of  the  pag^ 
when  between  45^  and  135^,  otherwise  at  the  top,  the  minutes  being  found 
in  the  column  marked  M,  which  stands  on  the  side  of  the  page  on  which  thd 
degrees  are  marked ;  thus,  if  the  d^rees  arie  fess  than  45,  the  minutes  are  to 
be  found  in  the  left  hand  column,  &lc.  and  it  must  be  noted  that  if  the  degrees 
are  found  at  the  top,  the  names  of  hour,  sine,  co-sine,  tangent,  kc  must  also 
he  found  at  the  top :  and  if  the  degrees  are  found  at  the  bottom,  the  names 
sine,  co-sine,  Sec  must  also  be  found  at  the  bottom.  Then  cmposite  to  the 
number  of  the  minutes  wiH  be  found  the  log-sine,  log-secant,  kc.  in  the  co-^ 
lumn  marked  sine,  secant,  kc.  respectively. 


EXAMPLE  II. 

Required  the  log.  secant  of  126°  20^  ? 

Find  126°  at  the  bottom  of  the  page,  di- 
rectly above  which,  in  the  left  hand  co- 
lumn, find  20';  against  which,  in  the  co- 
lumn marked  secant,  is  10.237^  required* 


EXAMPLE  I. 
Required  the  log.  sine  of  28°  37'? 

Find  28°  at  the  top  of  the  page,  directly 
below  which,  in  the  left  hand  column  find 
37' ;  against  which  in  the  column  marked 
sine  is  9.68029,  the  log.  sine  of  the  given 
number  of  degrees ;  and  in  the  same  man 
ner  the  tangents,  ^c  are  found. 

To  find  the  LogarUkm-sinB,  Co-sine,  ^c.  for  Degrees,  Mxnuies,  and  Seednds^ 

S  Table  XXVU.  ^ 

ng  to  the  even  minutes  next  above  and  belo  W 
the  given  degrees  and  minutes,  and  take  their  difference ;  then  say,  as  60"  is 
to  the  number  or  seconds  in  the  propoBed  number,  so  is  that  difference  to  a 
correction  to  be  applied  tb  the  number  corresponding  to  the  least  number  of 
degrees  and  minutes ;  additive  If  it  is  the  least  of  the  two  numbers  taken  from 
the  table,  otherwise  subtractive. 


EXAMPLE  I. 

Required  the  log.  sine  of  24<'  16'  4r.^ 
Sineof24«  16'  Sl.61382 

Sine  of  24    17  9.61411 


Diff.  29 

Then,  as  60"  :  48 ' ::  29  :  23  which,  added 
to  the  number  correspond inf(  to  24®  16', 


EXAMPLE  11. 

Required  the  log.  secant  of  105<>  20'  16".' 

Secant  of  105.20  log.  10.57768 

105.21  10.57722 


Diff.  46 

Then  60"  :  16"  ::  46  :  12,  which,  subtracted 
from  the  number  corresponding  to  105®  2tf , 


gives 9.61405  the  log.  sine  of240  16' 48".  Igives  10.57756, the  log.  sec.  of  105020*16' 

If  the  given  seconds  be  |,  ^,  {,  i,  or  ^,  or  any  other  even^parts  of  a  mi- 
nute, the  like  parts  may  be  taken  of  the  difference  of  the  logarithms,  and 
added  or  subtracted  as  above,  which  may  be  frequently  doxiftV^^  \wv^^Ooi»^ 
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Case 


Sb3 


Ak5 


Given. 


The  angles  aod 
aide  AB. 


Two  sides  AB, 
BC.  aod  angle 
C  opposite  to 
one  of  them. 


Two  sides  AC, 
AB,  and  the  in- 
cluded angle  A. 


Sought. 


Sice  BC. 
Side  AC. 


Angle  A. 
Angle  B. 
Side  AC. 


Angles 
and  B. 


Hide  BC. 


Solutions. 


Sine  C 
Sine  C 


side  AB 
side  AB 


sine  A 
sine  B 


side    BC. 
side    AC. 


Side  AB  :    sine    C        :    side  BC  :    sine  A,  which  added  to 
C,  and  the  sum  subtracted  from  I8O0  gives  B. 
Sine  C    :    side  AB    :  :    sine  B    :    side    AC. 


Subtract  half  the  given  angle  A  from  9(F,  the  remainder  is  half 
the  sum  of  the  other  angles.  Then  say,  as  the  sum  of  the  sides  AC,  | 
AB  is  to  their  difference,  so  is  the  tangent  of  the  half  sum  of  the 
other  angles  to  the  tangent  of  half  their  difTerence ;  which  added 
to  and  subtracted  fioro  the  half  sum,  will  give  the  two  angles  B 
and  C  the  greatest  angle  being  opposite  to  the  greatest  side. 

Sine  B     :    side  AC    :  :    sine  A    :    side  BC. 


All  three  sides. 


All  the  an- 
gles. 


Either 
gle,  as 


an 
A. 


Let  fall  a  perpendicular  BD  opposite  to  the  required  angle  ; 
then  as  AC  :  sum  of  AB,  BC  :  :  their  difference  :  twice  DG,  the 
distance  of  the  perpendicular  from  the  middle  of  the  base :  hence, 
AD,  CD  are  known,  and  the  triangle  ABC  is  divided  into  two 
right-angled  triangles  BCD,  BAD :  then  by  cases  4  and  5  of 
right-angled  trigonometry,  we  ma/  find  the  angle  A  or  C. 


I 


Either  of  the  angles,  as  A,  may  also  be  found  bv  the  following 
rule.  From  half  the  suAi  of  the  three  sides  f  ubtract  the  side 
BC  opposite.to  the  sought  angle ;  take  the  logarithms  of  the  half 
sum  and  remainder,  to  which  add  the  arithmetical  complements 
of  the  logarithms  of  the  sides  AB,  AC  (includii^  the  sought  an- 
gle 0  balf  the  sum  6(  these  four  logarithms  will  be  the  loga- 


if! 


rithmie  co-sine  of  half  the  sougbt  angjle. 


In  workinf  by  logarithms  With  any  of  the  preceding  rules,  yQu  must  remember,  that  the  logariihtn 
.qf  the  first  term  of  tlu  analon  i9  to  be  sMbtraeted  from  the  swn  of  the  logarithmt  qf  the  tecondaitd 
Jthird  terms,  the  remaistder  tvifl  be  the  logarithm  qjT  the  ^onfht  fourth  term. 

When  the  first  term  is  radius  (whose  logarithm  is  10.00000)  you  need  only  reject  an  unit  in  the 
3econd  left  hand  figure  of  the  lnde;i  of  the  sum  of  the  second  and  third  terms  But  when  the  radius 
.occurs  in  the  second  or  third  tenot  you  must  suppose  an  unit  to  be  added  to  the  second  left  Hind 
figure  of  the  index  of  the  other  term,  and  subtract  therefrom  the  logarithm  of  the  first  term. 


RIGHT-ANGLED  TRIGONOMETRY. 


Solution  of  the  ^ijc  cayes  m  right-angled  Trigonometry. 

CASE  I. 

^The  armies  and  hypotenust  given^  to  find  the 

legs. 

Given  the  hypotenuse  AC  250  leagues,  and 
the  ao^c  C  opposite  to  the  side  AB=35°  30' 
to  find  the  base  CB  and  perpendicular  AB. 
BY  PROJECTION. 

Draw  the  base  CB  of  any  length ;  with  an 
extent  equal  to  the  chord  oP  60°  and  on  C  as  a 
centre,  describe  the  arch  DE ;  from*  B  to  D 
Jay  off  35°- 30'  taken  from  the  line  of  chordsy*^  J'' 

through  C  and  T>  draw  the  lino  AC,  which  make  equal  to  250;  from  A  let 
foil  the  perpendicular  AB,  to  cut  CB  in  B,  and  it  is  done ;  for  CB  will  be 
203.5,  and  AB=145.2. 


"»» 


*  In  all  pr(\jection«  of  this  kind  the  angles  are  measured  from  the  line  of  chords,  the  radius  used 
for  describing  arches  by  which  the  angles  are  to  be  oieasured,  being  equal  to  the  chord*  of  W^^  th*. 
sides  of  the  triangle -idre  mtaiuredby  scales  of  equal  parts  as  was  heCot%K)!b%«t\^^. 
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flequired  the  differeoce  of  latitude  between 
OeorgetowD  and  Cape  Frio  t 


iBeorgetown*!  lat 
€ape  Frto'jB  lat 

Piff.  oflat.. 


3^  25'  N. 
23      I  S. 


^6    34 
60 


Example  IV. 

A  ship  from  latitude  280  25'  N.  sails  south  1800 
miles,  what  latitude  is  she  in  ? 


From  diff.  of  lat.  1800  miles,  or 
Sub.  lat.  left 

Diff.  =  lat  in 


SOOOO'S. 
28    25  K. 


1    35  S. 


Ja  Dflet  3384  , 

lo  the  last  example  it  is  evident  that  as  the  diijerenice  of  latitude  is  more 
than  the  latitude  left,  the  ehip  must  have  crossed  the  equator,  and  conse- 
Ijuently  ^me  into  south  latitude. 

Nof  E.  When  one  of  the  places  h^s  no  latitude,  or  is  on  the  equator,  the 
latitude  of  the  other  place  is  their  dilTerence  of  latitude. 


Example  V. 
What  Is  the  difference  of  longitude  between  Cape 

Add  light-house  and  Lisbon  f 
iCvpe  Ann  ligbt-Mbuse*s  long.  70^  34'  W. 

Lisbon's  long.  9     9  W. 


Diff*.  of  long. 


61    25 
60    - 

3685 


^nmiled 

Example  vn. 

What  is  the  dfrereotfe  of  longitude  between  Bar- 
celona and  Salem  ? 
Sarcelona's  long.  20I2'£. 

Salem's  long.  70    52  W. 


examplk  vr. 

a  ship  from  Cape  Charles,  in  Virginia,  sails  east' 
ward  till  her  diiference  of  longit,ude  is  400  miles* 
what  longitude  is  she  in  ? 

Cape  Charles*  long  76©  04'  W. 

Diif.  of  long.  400  miles  =  6    40  E. 


D«r.  or  long;.  73     ^  W. 

Example  IX. 

What  is  the  diflTereDce  of  longitude  between  Ma- 


nilla and  New-York  light  house  1 
Manilla's  long.  ^ 

ff  ew-7ork  li^ht- house 

■Sum  exceeds  180O 
Subtract  it  from 

Oiff  of  long. 


12'0  OS'S. 
74    01  W. 


195 
360 


03 
00 


164    57 


Long,  in  69    24  W. 

Example  VIII. 

A  ship  from  159  40*  E.  U>"g.  sails  westward  till 
her  ditr.  of  long,  is  270  15',  what  long,  in  she  in  ! 
Long,  left  150  40*  E. 

Dill*,  of  iDOg.  37    15  W. 


Long,  in  11    35  W. 

Example  X. 

A  ship  from  longitude  160O  20*  W  satis  westward 
until  she  differs  her  longitude  4 1^20' ;  what  lon- 
gitude is  she  in  ? 

Ix)ng.  left  160©  20'  W. 

DiS*.  of  long.  41    20  W. 


aoi 

360 


40 
OO 


Long,  in 


158    20  E 


In  the  last  example  the  ship  has  crossed  the  opposite  meridjan,  and  there.- 
ftf re  has  com.e  into  a  longitude  of  a  d^ifierent  name, 


PLANE  SAILING. 

PLANE  SAILING  is  the  art  of  navigating  a  ship  upon  pripcipies  dcr 
diiced  from  the  supposition  of  the  earth's  being  an  extended  plane,  on 
^irhich  the  meridians  are  all  paraUal  to  each  other.*  A  map  of  the  several 
parts  of  the  earth,  constructed  upon  these  principles,  is  called  a  Plahe 
Chart.  When  the  parts  of  the  earth  are  thi^s  delineated  on  a  plane^  it  i$ 
jeaSy  to  see  the  'track  hy  which  a  ship  may  go  from  one  place  to  another,  and 
jalso  what  angle  this  track  makes  with  the  meridian.f.  Ships  at  sea  are  kept 
In  this  tfack  by  means  of  an  instrument  called  the  mariners  compass. 

The  Mariner's  Compass  is  an  artificial  representation  of  the  horizon  of 
any  place.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VI.  fig.  I)  callr 
ed  a  card^  divided  (like  the  horizon)  into  360  degrees  or  3£  points.  This  is 
fixed  on  a  piece  of  steel,  called  a  needle,  to  which  the  magnetic  virtue  has 
been  communicated  by  means  of  a  loadstone,  which  has  the  property  of 
pointing  steadily  towards  the  north,  and  carrying 'the  card  with  it,  when 
turning  freely  on  a  pivot  or  any  thing  to  support  it    Thus  all  the  points  of 


*  The  explanations  of  Plane  Sailing,  and  the  definitions  of  this  page  (and  in  the  former  editions  of 
this  TTork)  are  pearly  the  same  as  fiose  given  by  Moore,  in  his  Practical  Navigator;  by  Robertson 
in  his  Elements  of  Kavigatioo,  ami  by  moat  writjBrsjon  Navigation. 

t  The  method  tti  calculating  this  angle  on  th«  true  principles  of  tailioc  on  the  spherical  tucfacA 
of  the  eirtb,  will  be  given  hereafter. 


-^% 
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5t 


flequired  the  djtfereoce  of  lathyde  between 
'  Georgetown  and  Cepe  Frio  t 
<Beorgetown*i  ItL  3^  25'  N. 

€tpe  Frio's  lat  29      >  S. 


Plffloflat.. 


$6    24 
60 


Example  IV. 

A  ship  from  latitude  299  25'  N.  sails  south  1800 

miles,  what  latitude  is  she  io  ? 
From  diff.  of  lat.  1800  miles,  or  3QP  00'  S. 

Sub.  lat.  left  28   25  K. 


Diff.  =  lat  in 


1    35  S. 


Ja  oilet  3384  . 

Id  the  last  example  it  is  evident  that  as  the  diQerenice  of  latitude  is  more 
than  the  latitude  left,  the  «hip  must  have  qrossed  the  equator,  and  conse- 
Ijuently  /come  into  south  latitude* 

Note.  When  one  of  the  places  h^s  no  latitude,  or  is  on  the  equator,  th(B 
latitude  of  |he  other  place  is  their  difference  of  latitude. 


Example  V.. 

What  is  the  difference  of  longitude  between  Cape 

Add  light-house  and  Lisbon  7 
iCvpe  Ano  Iigbt-lft)use*s  long.  TOO  34'  \y. 

Lisbon's  long.  9     9  W. 


Diff.  of  long. 


61    25 

60    ' 

3685 


^nmiled 

Example  vn, 

'What  is  the  f|fferea6e  of  longitude  between  Bar- 
celona and  Salem  ? 
Barcelona's  long.  29  12'  E. 

Salem's  long.  70    52  W. 


Example  VI. 

A  ship  from  Cape  Charles,  in  Vlntini^,  sails  east* 
ward  till  her  ditTerence  of  longitude  is  400  railest 
what  longitude  is  she  in  ? 

Cape  Charles'  long  76®  04'  W. 

Diff.  of  long.  400  miles  =  6    40  £. 


Diff.  or  long:.  73     ^  W. 

Example  IX. 

What  is  the  difference  of  longitude  between  Ma- 
nilla and  New-Yor|[  U^ht  bouse  t 
Manilla's  long. 
^'ew-York  li^ht- house 


12(0  02'  E. 
74    01  W. 


•Sum  exceeds  180^ 
Subtract  it  from 

Diff.  of  long. 


95    03 
60    00 

164    57 


^ong.  in  69    24  W. 

Example  VIII. 

A  ship  from  I5<3  40'£.  Vang-  sails  westward  till 
her  diff.  of  long,  is  270  15',  what  long,  is  she  in  t 
Long,  left  160  40' E. 

Diff.  of  long.  27    15  W. 


Long,  in  1]    36  W. 

Example  X. 

A  ship  from  longitude  1 600  20'  W  sails  westward 
until  she  differs  her  longitude  4 1^  SQ" ;  what  lon- 
gitude is  she inl 

Long,  left  1600  20'  W. 

Diff.  of  long.  41    20  W; 


Long,  in 


.  201    40 
360    00 

15p    20  E 


In  the  last  example  the  ship  has  crossed  the  opposite  meridjan,  and  therier 
fi»:t  has  com.e  into  a  longitude  of  a  different  name, 


PLANE  SAILING. 

PLANE  SAILING  is  the  art  of  navigating  a  ship  upon  principles  der 
diiced  from  the  supposition  of  the  earth's  bein^  an  extended  plane,  on 
9^ich  the  meridians  are  all  par^Ual  to  each  other.*  A  map  of  the  several 
parts  of  the  earth,  constructed  upon  these  principles,  is  called  a  Plahe 
Chary.  When  the  parts  of  the  earth  are  tht^s  delineated  on  a  plane^  it  I9 
;eady  to  see  the  track  by  which  a  ship  may  go  from  one  place  to  another,  and 
jalso  what  angle  this  track  makes  with  the  meridian.f.  Ships  at  sea  are  kept 
in  this  t^ack  by  means  of  an  instrument  called  the  mariners  compass. 

The  Mariner's  Compass  is  an  artificial  representation  of  the  horizon  of 
any  place.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VI.  fig.  1)  callr 
ed  a  card,  divided  (like  the  horizon]  into  360  degrees  or  3£  points.  This  is 
fixed  on  a  piece  of  steel,  called  a  needle,  to  which  the  magnetic  virtue  has 
been  communicated  by  means  of  a  loadstone,  which  has  the  property  of 
pointing  steadily  towards  the  north,  and  carrying*  the  card  with  it,  when 
turning  freely  on  a  pivot  or  any  thing  to  support  it.    Thus  iill  the  points  of 


*  The  explanations  of  Plane  Sailing,  and  the  deRnitinns  of  this  page  (and  In  the  former  editions  of 
this  work)  are  /learly  the  same  as  those  given  by  Moore,  in  his  Practical  Navigator;  by  Robertson 
in  bis  Elements  of  Navigation,  and  by  roost  wrltjirsjon  Navigation. 

t  The  methodic  calculating  this  angle  on  tht  true  principles  of  tallioc  on  th^  spherical  turf«ft.« 
of  the  earth,  will  be  given  hereafter. 


PLANE  SAILING. 
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flequired  the  differeoce  of  latitude  between 
'  OeorgetowD  and  Cipe  Frio  1 
iSeorgetown'i  lit 
€ape  Prions  let 


r 


25' N. 
i  8. 


Plff.  oTlat. 


][oipUet 


A6    34 
60 

3384  . 


Example  IV. 

A  ship  from  latitude  280  25'  N.  sails  south  1800 

miles,  what  latitude  is  she  ia  ? 
From  diff.  of  lat.  1800  miles,  or  30^  OO'  8. 

:3ub.  lat.  left  28    25  If. 


Diff.  =  lat  in 


1    35  S. 


In  the  last  example  it  is  evident  that  as  the  di^erenpe  of  latitude  is  more 
than  the  latitude  left,  the  «hip  must  have  qrosse4  the  equator,  and  conse- 
fluently  /Bome  into  south  latitude. 

Note.  When  one  of  the  places  h^s  no  latitude,  or  is  on  the  equator,  th(B 
latitude  of  (he  other  place  is  their  difference  of  latitude. 


Example  V. 

What  is  the  difTerenceof  longitude  between  Cape 

Ann  li£ht-hous^  and  Lisbon  f 
^ape  Ann  ligbt-Hbuse^s  long.  TOO  34'  W- 

Lisbon's  long.  9      9  W. 


piff.  of  long. 


61    26 
60 


In  miletf  3685 

Example  Vlf. 

What  is  the  ftfTereD^e  of  longitude  between  Bar- 
celona and  Salem  ? 
Barcelona's  long.  2^  12'  £. 

Salem's  long.  70    52  W. 


Example  VI. 

a  ship  from  Cape  Charles,  in  Virfrinlv,  sails  east* 
ward  till  her  ditTerence  of  longitude  is  400  milest 
what  longitude  is  she  in  ? 

Cape  Charles'  long.  76°  04'  W. 

Diff.  of  long.  400  miles  =  6    40  E. 


Dur.oriong:.  73    f  w. 

Example  IX. 

What  is  the  diOOnrence  of  longitude  between  Ma- 
nilla and  New-York  light  houae  ? 
Manilla's  long.  '  IS'OQg'E. 

^ew-York  li^ht- house  74    Oi  W. 


•Sum  exceeds  I8OO 
Subtract  it  from 

Piff  of  long. 


95    03 
60    00 

164    57 


Long,  in  69    24  W. 

Example  VIII. 

A  ship  from  16^40'  E.  \png.  sails  westward  till 
her  diir.  of  long,  is  270  15',  what  long,  is  she  in  ! 
Long,  left  15Q40'E. 

Ditr.  of  long.  27    15  W. 


Long,  in  II    35  W. 

Example  X. 

A  ship  from  longitude  160^  20'  W  sails  westward 
until  she  diifers  her  longitude  41  <>2Q' ;  what  lon- 
gitude is  shie  in  ? 

Long,  left  160©  20*  W. 

Diflr.  of  long.  41    20  W; 


Long,  in 


,  201    40 
360    OO 

t5p    20  B 


In  the  last  example  the  ship  has  crossed  the  opposite  meridian,  and  therer 
f»;e  has  com.e  into  a  longitude  of  a  different  name, 


p 


PIANE  SAILING. 

iLANE  SAILING  is  the  art  of  navigating  a  ship  upon  pripcinies  dcr 
duced  from  the  supposition  of  the  earth's  being  an  extended  plane,  on 
vrhich  the  meridians  are  all  pai  aUal  to  each  other.*  A  map  of  the  several 
parts  of  the  earth,  constructed  upon  these  principles,  is  called  a  Plane 
Chart.  When  the  parts  of  the  earth  are  thi^s  delineated  on  a  plane^  it  is 
jeady  to  see  the  *track  by  which  a  ship  may  go  from  one  place  to  another,  and 
jBlso  what  angle  this  track  makes  with  the  meridian.f.  Ships  at  sea  are  kept 
in  this  track  by  means  of  an  instrument  called  the  mariners  compass. 

The  Mariner's  Compass  is  an  artificial  representation  of  the  honzon  of 
any  place.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VI.  fig.  1)  call- 
zed  a  card^  divided  (like  the  horizon]  into  360  degrees  or  S£  points.  This  is 
fixed  on  a  piece  of  steel,  called  a  needle,  to  which  the  magnetic  virtue  has 
been  communicated  by  means  of  a  loadstone,  which  has  the  property  of 
pointing  steadily  towards  the  north,  and  carryin]^*  the  card  with  it,  when 
turning  freely  on  a  pivot  or  any  thing  to  support  it    Thus  ;ill  the  points  of 


*  The  explanations  ofPlane  Sailing,  and  the  definitions  of  this  page  (and  In  the  former  editions  of 
this  work)  are  pearly  the  same  as  those  given  by  Moore,  in  his  Practical  Navigator;  by  Robertson 
In  his  Elements  of  Navigation,  and  by  most  wrltjBrajon  NavigatiQUi 

t  The  method  ^  calculating  this  angle  on  tbt  true  principles  of  tailloc  on  tbf  spherical  aurCaft,^ 
of  the  earth,  will  be  given  hereafter. 
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flequired  the  difference  of  latitude  between 
Oeorgetowo  and  Cape  Frio  1 


i3eorgetown*i  lat 
<:ape  Frio>  lat 

Piff.oriat, 


330  25'  N. 
23      I  8. 


^6    24 
60 


Example  IV. 

A  ship  from  latitude  280  25'  N.  saila  south  1800 
miles,  what  latitude  is  she  io  ? 


From  diff.  of  lat. 
Sub.  lat.  left 

Diff.  =  lat  in 


1800  miles,  or 


SQPOO'S. 
28    26  N. 


1    35  S. 


la  nUet  3384  , 

In  the  last  example  it  13  evident  that  as  the  di^eren^ce  of  latitude  19  more 
than  the  latitude  left,  the  «hip  must  have  qrossei)  the  equator,  and  conse- 
quently /come  into  south  latitude. 

Note.  When  one  of  the  places  h^s  no  latitude,  or  is  on  the  equator,  th(B 
latitude  of  the  other  place  is  their  difference  of  latitude. 

^XAMPLK  VI. 

A  ship  from  Cape  Charles,  in  Virginia,  sails  east* 
ward  till  her  difference  of  longitude  is  400  ailest 
what  longitude  is  she  in  ? 

Cape  Charles'  long.  76©  O4'  W. 

Diff.  of  long.  400  miles  =  6    40  E. 

Long,  in  89    24  W. 

Example  VIII. 

A  ship  from  15^40'  E.  long,  sails  westward  till 
her  dift'.  of  long,  is  270  15',  what  long,  is  she  in  ! 
I^ng.  left  l&O40'£. 

Diff.  of  long.  27    15  W. 


Example  V. 

What  is  the  difference  of  longitude  between  Cape 

Ann  ligbt-housii  and  Lisbon  f 
f^Kpe  Ann  light']lbuse*s  long. 
Lisbon's  long. 


TOO  34'  w. 
9      9  W. 


Diff.  of  long.  61    26 

60 

In  miletf  3685 

Example  Vlf, 

What  is  the  4 ffereo(e  of  longitude  between  Bar- 
celona and  Salem  ? 
Barcelona's  long.  29  12'  £. 

Salem's  long.  70    52  W. 


Diff.  0;  long.  73     ^  W. 

Example  IX. 

What  is  the  difference  of  longitude  between  Ma- 
nilla and  New-Tork  light  house  ? 
Manilla's  long.  ^  IS^ooTE. 

^'ew-York  lighthouse  74    Oi  W. 


I 


95 
60 


03 
00 


164    57 


Long,  in  II    36  W. 

Example  X. 

A  ship  from  longitude  160°  20*  W  sails  westward 
until  she  differs  her  longitude  4 1<) 20* ;  what  lon- 
gitude is  she  in  ? 

Long,  left  1600  20'  W. 

Diff.  of  long.  41    20  W; 


aoi 

360 


40 
00 


Long,  io 


158    20  E 


•Sum  exceeds  I8OO 
Subtract  it  from 

Piff.  of  long. 

In  the  last  example  the  ship  has  crossed  the  opposite  meridian,  and  therer- 
fit;e  has  com.e  into  a  longitude  of  a  d^ifierent  name, 


PLANE  SAILING. 

PLANE  SAILING  is  the  art  of  navigating  a  ship  upon  prtpciples  dcr 
duced  from  the  supposition  of  the  earth's  bein^  an  extended  plane,  on 
^{?hich  the  meridians  are  all  paraUal  to  each  other.*  A  map  of  the  severa) 
parts  of  the  earth,  constructed  upon  these  principles,  is  called  a  Plane 
Chart.  When  the  parts  of  the  earth  are  tht|s  delineated  on  a  plane^  it  19 
;eaiy  to  see  the  'track  by  which  a  ship  may  go  from  one  place  to  another,  and 
jalso  what  angle  this  track  makes  with  the  meridian.f.  Ships  at  sea  are  kept 
in  this  t^ack  by  means  of  an  instrument  called  the  mariners  compass. 

The  Mariner's  Compass  is  an  artificial  representation  of  the  horizon  of 
any  place.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VI.  fig.  1 )  callr 
ed  a  card^  divided  (like  the  horizon)  into  360  degrees  or  d£  points.  This  is 
fixed  on  a  piece  of  steel,  called  a  needle,  to  which  the  magnetic  virtue  has 
heen  communicated  by  means  of  a  loadstone,  which  has  the  property  of 
pointing  steadily  towards  the  north,  and  carrying  *  the  card  with  it,  when 
turning  freely  on  a  pivot  or  any  thing  to  support  it.    Thus  all  the  points  of 


*  The  explanations  of  Plane  Sailing,  and  the  definitions  of  this  page  (and  In  the  former  editions  of 
this  troTk)  are  pearlv  the  same  as  those  given  by  Moore,  in  his  Practical  Navigator;  by  Robertson 
In  his  Elements  of  Navigation,  and  by  most  wrn^rsjon  Navigation. 

t  The  method  4^"  calculatingthisangleonth*  true  principles  of  sailiog  on  th|!  spherical  aucf^sA 
of  the  earth,  will  be  given  hereafter. 


it 
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flequired  the  difference  of  latitude  between 
-  GeorgetowD  and  Cape  Frio  1 
iBeorgetown'a  lat        .  33©  25'  N. 

Cape  Frio^  lat  23      I  8. 


PiSloriat- 


jM    34 
60 


Example  IV. 

A  ship  from  latitude  280  25'  N.  sails  south  1800 

miles,  what  latitude  is  she  in  ? 
From  diff.  of  lat.  1800  miles,  or  30P  OO'  8. 

Sub.  lat.  left  28    35  N. 


Diff.  =  lat  in 


1    35  S. 


la  nilea  3384  , 

In  the  last  exaipple  it  13  evident  that  as  the  di^erenice  of  latitude  i9  more 
than  the  latitude  left,  the  «hip  must  have  jcrossei)  the  equator,  and  conse- 
quently /some  into  south  latitude. 

Note.  When  one  of  the  places  h^s  no  latitude,  or  is  on  the  equator,  th(B 
latitude  of  the  other  place  is  their  difference  of  latitude. 


Example  V. 

What  is  the  difference  of  longitude  between  Cape 

Ann  light-house  and  Lisbon  f 
fivpe  Ann  light-ttuse*s  long.  TKP  34'  W. 

Lisbon's  long.  9     9  W. 


Diff.  of  long. 


61    36 
60 


3685 


jLomiled 

Example  VH, 

What  is  the  (f  ffereo6e  of  longitude  between  Bar- 

celooa  and  Salem  ? 
fiarcelona's  long.  29  12' E. 

Salem's  long.  70    52  W. 


Diff.  or  long:.  73     ^  W. 

Example  IX. 

What  is  the  difference  of  longitude  between  Ma- 
nilla and  New-Yorl(  light  hquae  t 
Manilla's  long.  ^  12!O02'E. 

^ew-York  li^ht- house  74    01  W. 


i 


95    03 
60    00 


164    57 


Example  VI. 

a  ship  from  Cape  Charles,  in  Virf[ini9«  sails  east* 
ward  till  her  difference  of  longitude  is  400  miles* 
what  longitude  is  she  in  ? 

Cape  Charles'  long.  76©  04'  W. 

Diff.  of  long.  400  miles  =  6    40  E. 


]U)ng.  in  69    24  W. 

Example  VIII. 

A  ship  from  \^A(y  £•  U>'>g-  sails  westward  till 
her  dift*.  of  long,  is  27^  15'.  what  long,  h  she  in  ? 
I^ng.  left  1&0  40'E. 

Diff.  of  U>ng.  27    15  W. 


Long,  in  II    35  W. 

Example  X. 

A  ship  from  longitude  I60O  20"  W  sails  westward 
until  she  differs  her  longitude  41^20' ;  what  lon- 
gitude is  she  in  1 

I^ng.  left  160©  20'  W. 

Diff.  of  long.  41    20  W; 


Long,  in 


.  aoi    40 
360    do 

158    20  E 


•Sum  exceeds  IfXfi 
Subtract  it  from 

Piff.  of  long. 

In  the  last  example  the  ship  has  crossed  the  opposite  meridian,  and  thercr 
fi^;e  has  com^  into  a  longitude  of  a  different  name, 


PLANE  SAILING. 

PLANE  SAILING  is  the  art  of  navigating  a  ship  upon  prjpciples  dcr 
duced  from  the  supposition  of  the  earth's  beinf;  an  extended  plane,  on 
^ich  the  meridians  are  all  paraHal  to  each  other.*  A  map  of  the  several 
parts  of  the  earth,  constructed  upon  these  principles,  is  called  a  Plare 
Chart.  When  the  parts  of  the  earth  are  thi^s  delineated  on  a  plane^  it  is 
»a^y  to  see  the  track  by  which  a  ship  may  go  from  one  place  to  another,  and 
jalso  what  angle  this  track  makes  with  the  meridian.f.  Ships  at  sea  are  kept 
la  this  track  by  mean9  pf  an  instrument  called  the  mariner's  compass. 

The  Mariner's  Compass  is  an  artificial  representation  of  the  horizon  of 
any  place.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VI.  fig.  1)  callr 
ed  a  card^  divided  (Uke  the  horizon)  into  360  degrees  or  3£  points.  This  is 
fixed  on  a  piece  of  steel,  called  a  needle,  to  which  the  magnetic  virtue  has 
been  communicated  by  means  of  a  loadstone,  which  has  the  property  of 
pointing  steadily  towards  the  north,  and  carrying' the  card  with  it,  when 
turning  freely  on  a  pivot  or  any  thing  to  support  it    Thus  all  the  points  of 


*  The  explanations  of  Plane  Sailing,  and  the  definitinns  of  this  page  (and  in  the  former  editions  of 
this  woik)  are  pearly  the  same  as  those  given  by  Moore,  in  his  Practical  Navigator;  by  Robertson 
In  his  Elements  of  Navigation,  and  by  roost  wrtt^rsjon  Navi2atlQn4 

t  The  method^  calculating  this  angle  on  th«  true  principles  of  i^iliog  on  ihfi  spherical  aucf^o^ 
of  the  earth,  will  be  given  hereafter. 


c 

^Y/-v    '♦•     '^    " 

'■    1 

-^  ♦'  ,>•  ^, 

-cr '''-;'  ■•>■ 

'•  ,•''  %  ■ 

"    ■  -^-^  '■ 

.(A 

r^,     *:■■. 

.*   .  ■''' 

"■(v^- 

-■  ,*<• 

-  4  i^ 

"/   »kv\_ 

..:  i.i'''  ' 

■v.. '.■:;- "■ 

.':  ,.     .rf< 

,..^"--'^:': 

\ 

■C"" 

^s«  ■-, 

»'■  ,«^-, 

X  ■'' 

,.'•■    i' 

^       ,       „ 

■^          4^        f 

v"-"         •>         '- 

'^ 

'i       ■** 

< 

f-           "     " 

riss. 

1 
1 

1 

T 

1 
1 

;l>K.M.hI,l'UT.f; 


t'LANE  SAILlNd. 


65 


Iien5e  the  ship's  distance  run  is  487.8  miles,  and  her  departure  from  the 
tneridian  is  405.6  easterly. 

BY  GUNTER. 

Extend  fron^  radius  or  4  points  to  the  course  5  points  on  the  line  marked 
TR,  that  extent  will  reach  from  the  difference  of  latitude  £71  to  the  depar- 
ture 405.6  on  the  line  of  numbers. 

Sdly.  Extend  from  the  complement  Of  the  course  3  points  to  the  radius  8 
points  on  the  line  SR,  that  extent  will  reach  from  the  difference  of  latitude 
271.  to  the  distance  488  oti  the  line  of  numbers. 

BY  INSPECTION. 

Find  the  course  among  the  points  or  degrees,  and  the  difference  of  lati- 
tude in  its  cplumn,  against  which  will  stand  the  dbtance  and  departure  in 
their  columns. 

Now,  as  the  difference  of  latitude  271  is  too  great  to  be  found  in  the  ta« 
blesj  i  divide  it  by  2,  and  that  gives  135.5  which  I  find  over  S.  E.  by  E.  of 
5  points  in  the  latitude  column ;  against  that  stand  £44;  for  the  distance  and 
202.9  for  the  departure,  which  munttf^ied  by  £  give  the  distance  488,  and  the 
departure  405.8. 

CASE  HL 

Course  and  departure  from  ike  meridian  gtven^-io  find  ike  distance,  and  dif* 

ference  of  latitude* 

If  a  ship  sails  N.  £.  by  E.  I  E.  from  a  port  in  3^  15'  south  latitude,  until 
she  depart  from  her  first  meridian  406  miles,  I  demand  the  distance  sa^ed, 
and  the  latitude  she  is  in  ? 

BY  PROJECTION. 

Draw  the  meridian  AB,  upon  which  erect  q  De/i40ffJS  C 

the  perpendicular  BC,  and  set  off  thereon    - 

the  departure  406  easterly  from  B  to  C  ; 
with  tne  chord  of  60*^j  on  C  a^  a  centre,^ 
describe  an  arch,  and  set  off  thereon  the^  _ 
complement  of  the  course  DE  ;  through  Dk2| 
and  C  draw  the  line  CD  A,  cutting  the  me-k^ 
ridian  in  the  point  A  ;  then  AC  measured    . 
on  the  same  scale  before  used,  gives  the  *^ 
distance  449,  and  AB  19£,  the  difference  of 
latitude. 

BY  LOGARITHMS. 


By  making  the  departare  BC  radius^ 
As  radius  4  points  10.00000 

Is  to  the  departure  40d     |  £.60853 

So  is  co-tangr  course  5|  pts.  9.67483 


2.28336 


By  making  the  distance  AC  radiuS. 
As  sine  course  5},pts.  9.95610 

Is  to  the  departure  406  2.608521 

So  is  radius  '^  10.00000 


To  the  distance  449,1 


2.65237 

30  15'  Si 
3    12N. 

0    03  S. 


To^the  diff.  of  lat.  192 
("rom  the  latitude  left 
Subtract  the  difference  of  latitude  192  miles,  or 

The  reaaihder  being  3,  fhows  the  ship  is  in  the  latitude  of 

By  GUPH'ER. 

Extend  from  radius  or  4  points  to  the  co-course  i\  points  on  the  line 
marked  TR ;  that  extent  will  reach  from  the  deparl^ure  406  to  the  difference 
of  latitude  1 9£  on  the  line  of  numbers. 

2dly.  Extend  from  the  course  5|  points  to  iradius  on  the  fiines,  that  extent 
will  reach  from  the  departure  406  to  the  distance  449.  mites  on  the  line  of 
numbers.  ^ 

BY  INSPECTION. 

Find  the  course  either  among  the  points  or  degrees,  and  the  departure  in 
its  column,  aj^aiost  which  will  stand  the  distance  and  difference  of  latitude  in 
their  respective  cdumns^  * 


IKIDDLB  LATITUD£  SAILING. 


eo 


BY  PROJECTION. 


Chrjae 


Wrj&Qr^ 


Draw  the  east  and  west  line  DC,  with  the  chord  of  60^  describe  the  arch 
C^S  about  the  centre  D,  to  cut  DC  in  Q ;  upon  this  arch,  set  off,  from  Q  td 
S,  the  middle  latitude  39°  32' ;  through  D  and  S  draw  the  line  DB,  which 
make  equal  to  the  difference  of  longitude  2694  miles ;  from  B  let  fall  upon 
DC  the  perpendicular  BC,  which  continue  towards  A  making  AC  equal  to 
the  difference  of  latitude  306  miles  ;^  join  AD,  and  it  is  done.  For  by  this 
method  of  construction,  on  the  principles  before  explained,  A  will  be  the 
situation  of  Cape  Cod^  D  the  situation  of  St.  Mary  ;  CD  will  be  the  depar- 
ture, which  bem^  measured  will  he  found  to  be  2078  miles  ;  the  distance 
will  be  represent^  by  AD,  which  being  measured  will  be  found  to  be  2099 
miles,  and  the  course  from  Cape  Cod  to  St.  Mary,  will  be  represented  by 
the  angle  CAD=81°  dT' ;  therefore  the  course  will  be  S.  Sl^'  37'  £.  or  E.  |  S. 
nearly. 

Note.  The  course  is  put  S.  81°  37'  £.  because  St.  Mary  being  in  a  less 
northern. latitude  than  Cape  Cod,  is  to  the  southward  of  it ;  it  is  also  to  the 
leastward  of  Ckpe  Cod,  because  it  is  in  a  lesser  Western  longitude. 


BY  LOGARITHMS. 


To  fiod  the  departure  (by  Theorem  I.) 
As  radius  90O  10.00000 

ts  to  difT  of  lonf^.  2694  3.43040 

So  is  co-iioe  mid.  lat.  39o  32^  9.8878U 


To  the  departure  2078 

f  o  find  the  distance. 
Ai  radius  900 
ts  to  the  diflT.  lat.  306 
i!o  is  sec.  of  course  810  37' 


3  31760 


lo.onono 

2.48572 
10.83626 


To  find  the  course. 
As  diir.  of  lat.  306 
1 8  to  radius  45^ 
So  is  the  departure  2078 

To  tang,  of  course  81  ^  3T 

Note.    The  course  may  be  found  without  the 
departure,  by  Theo  V.  Middle  Latitude  Sailiog. 

2  48572 
3.43040 
9.88720 


248572 

laooooo 

3.31760 
10.83188 


As  the  difT  of  lat  306 
Is  to  the  difT.  of  long.  26/4 
So  is  co-sine  mid.  lat.  390  32* 


To  tang,  of  course  81°  37' 


1.').3I76Q 
2.48573 

1083188 


To  the  distance  2099  3  32198 

Note  The  log.  of  the  departure  above  found 
3,31760  isratber  less  than  the  log.  of  2078« 
3.31765:  but  in  finding  the  course  by  the  depar- 
ture, I  have  used  the  quantity  found  at  the  first 
operatiou,  and  shall  do  the  same  in  all  future  cal- 
culations. 

BY  GUNTER. 

Extend  from  the  radius  or  90°  to  60°  28'  the  complement  of  the  middle 
latitude,  on'  the  line  of  sines ;  that  extent  will  reach  from  the  difference  of 
longitude  2694,  to  the  departure  2078,  on  the  line  of  numbers. 

2dly.    Extend  from  the  difference  of  latitude  306,  to  the  departure  2078, 


*  If  tbe  place  A  be  to  the  southwird  of  D,  the  line  AC  should  be  set  off  upon  the  line  CB,  fton. 
C  towards  B^ 
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CASE  vir. 

Om  loWwfc,  (firiatwe  wilsrf,  and  dtpaHurt  gkm,  to  find  tkt  anim,  d^*>^ 

mctoflatititdt,aiidd^tmiety)fbngitu4». 

A  ship  in  the  latitude  of  49"  Stf  N.  and  tbekm^tude  of  25°  W.  aaitg  aouth- 

easterly  648  milea,  ranking  SOO  miles  departara ;  reqdred  the  coune  •teered, 

and  the  latitude  and  loDptade  in  ? 

BV  PROJECTION. 

Drnw  the  meridian  ABC,  and  OD 
any  point  of  it  draiv  BD  perpendicu-  J 
lar  thereto  and  make  it  equal  to  the 
departure  50O-miles,  nilb  an  extant^ 
equal  to  the  dtatance  645  miles  in 
compasses,  and   one  foot  o~   *' 

centre  describe  an  arch  to  «_.  ..^ 

A,  join  AD ;  then  will  AB  be  f)be  pro 

per  difference  of  latitude  407.5  miles,  " 

and  the  a[i|;l«  BAD  will  be  the  course 

BOP  41' ;  hnnce  we  have  the  otiier  lati-  p 

tude,  and  the  meridional  difference  of  Xtiina   ' 

laliiiidc,  to  nhirh  make  AC  eqgal;  ■     "  -^ 

and  drnw  CE  parallel  to  BD,  mectine  AD  produced  \a  £ ;  then  will  CE  ba 

Ihe  dilTerencF.  of  longitude,  7£2,S  milea. 


To  find  lbs  csiun. 


BV  LOGARITHMS. 


TofiiieofMiirwW***'      . 

fl«BMI 

Tn  as.  I.  tmfi=si>  4S  s. 

To  find  the  IKS'.  ottoBi. 

Lit,i«rt         *»  Mir. 

A>«rtl«.4y> 

liWfheirer  d<lC  1>t   MS 

Lit.  in                41   «i  B. 

SolilaaK.coDr^ltOOM' 

looura 

Mtr.tir.it. 

Todi!f.Ion.TS:-.S 

Teswi 

' -»r-»- 

To  Bod  tbe  dV.  ttbL 
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l^lar  distance  of  the  two  wires*  This  angular  distance  being  obtained,  the 
observer  may,  by  means  of  it,  estimate,  at  each  observation,  how  much  the 
place  where  the  contact  was  observed  was  elevated  above,  or  depressed  be- 
low, the  plane  passing  through  the  eye  and  the  middle  line  between  the  two 
parallel  wires:  the  correction  in  Table  XXXV.  corresponding  to  this  angle, 
IS  to  be  subtracted  from  the  observed  angular  distance  of  the  objects ;  thus 
if  the  distance  between  the  wires  was  3°,  one  of  them  would  be  elevated 
above  the  plane  1°  30',  and  the  other  depressed  as  much  below  it;  aud  if  in 
taking  an  observation  the  point  of  contact  was  estimated  to  be  one-third 
part  of  the  distance  from  the  middle  towards  either  wire,  the  angle  of  eleva- 
tion or  depression  would  be  one-third  part  of  1°  SO'  or  SO';  and  if  the  ob- 
served distance  was  100°,  the  correction  in  Table  XXXV.  would  be  19", 
subtractive  from  the  observed  angle,  which  would  therefore  be  100° — 19"=* 
99^  59^  41".     In  general  it  will  not  be  necessary  to  attend  to  this  correction. 

To  measure  the  distance  between  the  Sun  mnd  Moon. 

Screw  on  the  telescope,  and  place  the  wires  parallel  to  the  plane  of  the 

instrument ;  then  if  the  mdex  glass  is  half  silvered  and  half  blacked,  and  the 

sun  very  bright,  raise  the  plate  before  the  silvered  part  of  the  glass,  and  with 

the  screw  £j  raise  the  telescope  to  the  transparent  part  of  the  horizon  ^lass; 

turn  down  one  or  more  of  the  dark  glasses  according  to  the  brightness  of  the 

sun ;  then  hold  the  sextant  so  that  its  plane  may  pass  through  iha  sun  and 

moon :  if  the  sun  be  to  the  right  hand  of  the  moon,  the  sextant  is  to  be  held 

with  its  face  upwards ;  if  to  &e.  left  hand,  the  face  is  to  be  held  downward: 

with  the  instrument  in  this  position,  look  directly  at  the  moon  through  the 

telescope,  and  move  the  index  forward  till  the  sun's  image  is  brought  nearly 

into  contact  with  the  moon's  nearest  limb ;  then  fix  the  index  by  the  screw 

under  the  sextant,  and  make  the  contact  perfect  by  means  of  the  tangent 

screw;  at  the  same  time  move  the  sextant  slowly,  making  the  axis  of  the 

telescope  the  centre  of  motion,  by  which  means  the  objects  will  pass  each 

other,  and  the  contact  be  more  accurately  made,  observing  that  tlie  point 

of  contact  of  the  limbs  must  always  bo  observed  in  the  middle  betwi^en  the 

parallel  wires.     The  observation  being  thus  made,  the  index  will  point  out 

the  distance  of  the  nearest  limbs  of  the  sun  and  moon. 

To  measure  the  distance  between  the  Moon  and  a  Star. 

Turn  down  the  green  screen  if  the  moon  is  bright,  and  direct  the  plane  of 
the  instruments  through  both  objects,  with  its  face  upwards,  if  the  moon  is 
to  the  right  of  the  star ;  but  if  to  the  left,  the  face  is  to  be  held  downwards ; 
look  at  the  star  through  the  telescope  and  the  transparent  part  of  the  horizon 
glass,  and  move  the  index  till  the  moon's  image  appears  nearly  in  contact 
with  the  star;  fasten  the  index,  move  the  sextant  round  the  iixis  of  the  te- 
lescope as  in  measuring  the  distance  of  the  sun  and  muoii,  and  turn  thf.  tan- 
gent screw,  till  the  coincidence  of  the  star  and  the  enlightened  or  round  limb 
of  the  moon  is  perfect ;  obsecving  that  the  point  of  contact  of  the  limb  of  the 
moon  and  star  must  always  be  in  the  middh^  between  the  parallel  wires. 
The  observation  being  thus  made,  the  index  will  point  out  the  distance  of 
the  enlightened  limb  of  the  moon  from  the  star,  whether  it  be  ihe  farthest 
or  nearest  limb. 

If  the  observer  suspect  thatthe  mirrors,  or  coloured  glasses,  have  not  their 
surfaces  exactly  parallel,  he  may  verify  them  as  follows: 

Verificnlion  of  tlu  parallelism,  of  the  index  glass. 

This  verification  is  to  be  made  ashore,  by  observing  the  angular  distance 
of  two  well  defined  objects,  wh«se  distance  exceeds  (JO'or  100®  (haxitJ^  pre- 
viously well  adjusted tlie  instrument)  then  taking  out  the  central  n  ii.orond 
turning  it,  so  that  the  edge  which  was  formerly  uppermost  may  n«»w  bo 
nearest  the  plane  of  the  instrument;  rectify  its  position  and  iv^n\i\  mtasnn^ 
the  distance  df  the  two  obi«»cts  ;  hulf  iht;  diir-n'oeo  h^twr-en  lhe«e  tw.»  dis- 
tances will  be  the  error  of  the  ubs-.TVcd  an;:lo  arising  from  the  defect  of  pa- 


CIRCLE  OF  REFLECTION.  89 

tral  mirror  A ;  and  the  horizon  index  MD  carries  the  telescope  GH  and  the 
horizon  mirror  li;  both  indices  ui'e  luruishcd  with  verniers  and  tangent 
screws  at  O  and  N. 

rhe  cenintl  mirror  A.  is  placed  on  the  central  index  immediately  above  the 
centre  of  the  instrument;  the  plane  ut'  this  mirror  makes  an  angle  of  ab(»ut 
*^0^  with  the  middle  line  of  the  index,  and  is  adjusted  perpendicular  to  the 
plane  of  the  instrument,  by  means  of  the  s<irews  placed  on  the  back  part  of 
the  frame  of  the  mirror. 

The  Prison  glass  B  is  placed  on  the  horizon  index  near  the  limb,  so  as 
to  interfere  as  iittle  as  possible  with  the  rays  proceeding  from  objects  situat- 
ed on  the  opposite  side  of  that  index  with  respect  to  the  centralxnirror.  The 
horizon  glass  is  adjusted  perpendicular  to  tlie  plane  of  the  instrument  in  a 
simiiar  manner  to  that  of  a  horizon  glass  of  a  sextant ;  and  in  some  circles 
this  mirror  is  moveable  about  an  axis  per(>endicular  to  the  plane  of  tiie  in- 
strtunent ;  by  which  means  the  situation  with  respect  to  the  telescope  may 
be  adjusted. 

The  Ulescopt  GH,  attached  to  the  other  end  of  the  horizon  index,  is  an 
astronomical  one  inverting  the  observed  objects,  and  has  two  puralKtl  wires 
in  the  common  focus  of  the  glasses,  distant  from  each  other  between  two 
and  three  degrees.  These  wires,  at  the  time  of  observation,  must  be  placed 
parallel  to  the  plane  of  the  instrument.  To  effect  this,  marks  are  made  on 
the  eye-piece,  and  on  the  tube  at  G,  and  by  making  them  coincide,  the  wires 
may  be  brought  to  their  proper  position.  The  telescope  may  be  raised  or 
depressed  bv  two  screws  1,  K,  so  as  to  be  directed  to  any  part  of  the,  horizon 
glass;  and,  by  means oi  the  graduations  on  the  two  standards  t,  Ar,  the  tele- 
scope maybe  rendered  pnrT^llel  to  the  plane  of  the  instrument. 

There  are  two  sets  of  colound  filaases  (fig.  J3,  4)  each  set  usually  containing 
four  glasses  of  different  shades;  lh<^  glasses  of  the  hir^er  set  (fig.  4)  which 
are  placed  before  the  central  mirror  at  a,  a,  should  have  each  ab'Ut  half  the 
degree  of  shade  with  which  the  corresp«H»diiig  glasses  (fig.  :i)  of  the  other 
set,  placed  at  C,  are  tinged — because  th<'.  rays  from  the  luminous  o!  jtct  fiass 
twice  through  the  coloured  glass  placed  before  the  central  mirror,  and  only 
once  through  the  other.     The  glasses  placed  at  a,  a,  are  kept  tight  in  their 
places  by  small  pressing  screws  at  their  ends,  or  by  slides  passing  in  iVont, 
through  perforations  in  the  stems  of  their  frames :  when  fixed  for  observa- 
tion they  make  an  angle  of  about  85°  with  the  plane  of  the  instrument,  by 
which  means  the  image  from  the  colourtrd  t^iass  is  not  refiiTted  to  the  tele- 
scope.    When  the  angle  to  be  measured  isnelween  5^  and  35°,  one  of  the 
largest  set  is  to  be  fixed  at  a,  a ;  in  other  cases,  one  of  tlie  smaller  set  is  to  be 
phccd  in  the  socket  C.    The  reason  of  usinj;  the  large  glass  is  this — when 
the  small  glass  is  placed  at  C,  it  intercepts  the  direct  light  of  the  luminous 
object  in  its  passage  towards  the  central  mirror,  if  the  object  happens  to  be 
situated  within  the  angular  space,  included  by  the  lines  from  the  centre  A, 
by  the  sides  of  the  frame  of  the  glass  placed  at  C.    This  is  avoided  by  using 
the  larger  glasses. 

The  handle  (fig.  5)  is  of  wood,  and  is  fixed  to  the  back  of  the  instrument 
immediately  under  the  centre.  By  this  it  is  held  during  the  time  of  obser- 
vation. 

The  vc7i/<'//e(fig.  6)  is  used  in  terrestrial  observations  to  diminish  the  light 
of  the  object  seen  directly,  to  render  it  eoual  in  brightness  to  that  of  the  ob- 
jects seen  by  reflection :  this  is  performed  by  putting  the  ventelle  in  the  socket 
D,  and  raising  or  depressing  it  till  the  objects  appear  of  equal  brightness. 

There  are  two  tuljustins^  tools  of  the  form  represented  in  fig.  7 ;  they  are 
exactly  of  the  ^me  size,  and  their  height  is  nearly  equal  to  that  of  the  cen- 
tral mirror;  tliey  may  be  used  in  adjusting  the  central  mirror  perpendicular 
to  the  plane  of  the  instrument,  and  in  making  the  axis  of  the  telescope  pa- 
rallel to  that  plane. 

The  instrument,  as  we  have  now  described  it,  is  the  same  as  it  was  left  by 
De  Borda  ;  Mr.  Tronghton  has  since  suggested  the  improvement  of  fixing 
to  the  horizon  index  the  arch  WSPR,  and  providing  it  with  two  sliding 
pieces  U;  X,  in  order  to  facilitate  the  fixing  the  indices  at  their  proper 
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right  and  left  of  the  central  glass ;  for  in  this  case  the  glass  is  perpendicular 
to  the  plane  of  the  instrument ;  otherwise,  it  must  be  adjusted  by  means  of 
the  screws  till  the  two  images  coincide.^ 

By  examining  this  adjiatment  in  different  parts  of  the  limb,  it  will  be 
known  if  the  limb  be  in  the  same  plane.  If  any  difference  should  be  found, 
the  central  glass  must  be  so  fixed  that  the  reflected  image  of  the  limb  may 
appear  as  much  above  the  direct  image  in  some  places  as  below  it  in  others. 

To  aet  the  horizon  glass  ptrpendicular  to  the  plane  of  the  instrument. 

The  central  glass  being  previously  adjusted,  and  the  telescope  directed  to 
the  line  separating  the  silvered  from  the  transparent  part  of  the  horizon  glass, 
hold  the  instrument  nearly  vertical,  and  move  either  index  till  the  direct  and 
reflected  image  of  the  horizon,  seen  through  the  telescope,  coincide ;  then 
incline  the  instrumeniit  till  It  is  nearly  horizontal,  and  if  the  iipnges  do  not 
separate,  the  horizon  glas3  is  perpendicular  to  the  plane  of  the  instrument ; 
hut  if  they  do  separate,  the  position  of  the  glass  must  be  rectified  by  means 
of  the  screws  in  Us  pedestiil. 

Thik  adjustment  may  be  also  made  by  directing  the  sight  through  the  te- 
lescope to  any  well  defined  object ;  then,  if  by  moving  the  central  index,  the 
reflected  image  passes  exactly  over  the  object  seen  directly,  the  glass  is  per- 
pendicular ;  otherwise  its  position  must  be  adjusted  by  means  of  the  screws 
attached  to  the  pedestal  of  the  glass. 

A  planet,  or  star  of  the  first  magnitude,  will  be  a  good  object  for  this  pur- 
pose. If  the  sun  is  used,  one  of  the  coloured  glasses  must  be  placed  at  C 
and  another  at  D. 

To  make  the  axis  of  the  telescope  parallel  to  the  plane  of  the  instrument. 

The  telescope  may  be  raised  or  depressed  by  means  of  two  screws  at* 
tacbed  to  the  standards  i,  k,  (fig.  2]  and  passing  through  two  pieces  of  brass 
connected  with  the  tube  of  the  telescope.  On  each  of  these  pieces  is  a  mark 
or  index  by  which  the  telescope  is  to  be  adjusted.  For,  by  bringing  the  in- 
dices to  the  same  mark  on  each  standard,  the  telescope  will  be  parallel  to  the 
plane  of  the  instrument.! 

To  find  thai  division  to  which  the  horizon  index  must  be  placed  to  render  the 
mirrors  parallel  when  the  central  index  is  on  0. 

Place  the  central  index  on  0  ;  direct  the  telescope  to  the  horizon  glass,  se 
that  the  line  joining  the  silvered  and, transparent  parts  of  that  glass  may  ap- 
pear in  the  middle  of  the  telescope ;  hold  the  instrument  vertically,  and  move 
the  horizon  index,  till  the  direct  and  reflected  horizons  agree — and  the  division 
shown  by  the  horizon  index  will  be  that  required. 

This  adjustment  may  also  be  made  by  measuring  the  diameter  of  the  sua 
in  contrary  directions ;  thus,  the  central  index  being  fixed  on  0,  place  a  dark 
glass  at  C  and  another  at  D ;  direct  the  telescope  (through  the  transparent 
part  of  the  horizon  glass)  to  the  sun,  and  move  the  horizon  indes)  till  his  re- 
flected image  appear  in  the  telescope  ;  bring  the  upper  edge  of  the  direct 
image  to  coincide  with  the  lower  of  the  other,  and  note  the  angle  shown  by 
the  index ;  then,  by  moving  the  horizon  index,  bring  the  lower  edge  of  the 

*  When  the  iiMtrumeot  U  furnbhed  with  adjuiting  tools,  this  a^juatment  may  be  made  in  the  fol- 
Inwing  manner.  Set  the  tiro  tooUon  opposite  parts  of  the  limli  at  T  and  L;  place  the  eye  at  e,  al 
nearly  the  same  height  as  the  upper  edge  of  the  tooh.  so  that  part  of  the  tool  at  T  may  be  hid  by  the 
central  glass ;  move  the  central  index  till  the  reflected  Image  of  the  tool  nearest  the  tiye  appear?*  in 
the  rentral  glaM  aUL*  side  of  the  otlier  tool  seen  directly  ;  then  if  tho  upper  edges  of  the  toob  arc 
apparently  in  the-IBb  straight  line,  the  ceutrul  glass  is  perpendicular  to  the  plane  of  the  instru- 
ment :  othrnvitc  ItRpAltifto  muHt  be  atljustcd  by  the  wreirs at  the  baclc  of  the  imme. 

t  If  you  puppect  that  the  niarlts  on  the  standards  are  inarcurate,  you  may  examine  them  in  tho  fol- 
loirinj;  manner.  Lav  the  circle  horizontally  on  a  table  ;  place  the  two  adjusting  tools  nn  opposite 
part»  of  the  li.nb  at  'r  and  L ;  and  at  about  13  or  15  feet  distance  let  a  well  defined  mark  be  placed, 
"o  an  to  be  in  the  Aime  straight  line  with  the  tops  of  the  tools;  then  raiso  or  lowef  the  telescope  till 
the  mart;  is  apparently  in  the  middle  between  the  two  wires :  then  the  ax!«  of  the  telcsctjp^  will  be 
parallel  to  the  plane  of  the  instrument,  and  the  diiTerence  (if  any)  between  the  itiviaioiis  pointed  out 
i>y  the  indices  on  the  graduation  of  the  standards  <.  Jr,  (P.g.  2)  will  bo  tho  error  of  t|  e  indirefr  by 
l.iiotvif»«5  wblcbiit  will  be  tJi^y  In  futurp  adjustment*  to  make  allovrance  for  the  error. 


>. 
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want  of  parallelism  in  the  surfaces  of  the  smaller  dark  glasses ;  for  if  those 
glasses  give  too  great  an  angle  by  an  observation  to  the  right,  they  give  too 
littti^  by  the  same  quantity  by  an  observation  to  the  left.  It  is  not  so  with 
the  larger  glasses  placed  at  oo,  because  the  incidence  of  the  rays  on  those 
glasses  is  more  obliaue  in  one  observation  than  in  the  other,  so  that  the  er- 
rors do  not  wholly  balance  each  other ;  however,  as  those  glasses  are  used 
only  in  measuring  angles  less  than  35^,  in  which  the  errors  are  nearly  tbe 
same  as  if  the  incidence  of  the  rays  was  perpendicular,  the  errors  of  those 
glasses  will  also  nearly  compensate  each  other  in  the  cross  observations ; 
and  if  those  observations  only  were  used,  it  virould  be  unnecessary  to  verify 
the  dark  glasses : — Even  when  taking  observations  to  the  right,  or  observa- 
tions to  the  left,  the  error  of  the  dark  glasses  would  be  destroyed,  if  the  glass 
was  turned  at  each  observation,  and  the  number  of  observations  was  even ; 
but  there  are  some  cases  in  which  an  angle  can  only  be  measured  by  one  ob- 
servation, then  it  would  be  necessary  to  allow  for  the  error  of  the  dark  glass, 
if  the  distance  was  required  to  be  found  within  a  few  seconds. 


ON  PARALLAX,  REFRACTION, 

AND  DIP  OF  THE  HORIZON. 

PARALLAX  (or  diurnal  parallax)  is  the  difference  between  the  true  altitude 
of  the  sun,  moon,  or  star;  if  it  were  observed  at  the  centre  of  the  earthy 
and  the  apparent  altitude  observed  at  the  same  instant  by  a  spectator  at  any 
point  on  the  surface  of  the  earth. 

Thus  in  plate  IX.  fig.  3,  let  ABC  be  the  earth,  C  its  centre,  A  the  place  of 
a  spectator,  EDF  part  of  the  moon's  orbit,  edG  part  of  the  orbit  of  a  planet, 
and  KZ  part  of  the  starry  heavens.  Then  if  at  any  time  the  moon  be  at  D, 
she  will  be  referred  to  the  point  H  by  a  spectator  supposed  to  be  placed  at 
the  centre  of  the  earth,  and  this  is  called  tne  triie  place  of  the  moon,  but  the 
spectator  al  A  will  refer  the  moon  to  the  point  &,  and  this  is  called  the  appa- 
rent place  of  the  moon,  the  difference  H  6  (or  the  angle  HD6=ADC)  is  called 
the  moon^s  parallax  in  altitude,  which  is  evidently  greatest  when  the  moon 
is  in  the  horizon  at  £,  being  then  equal  to  the  arch  K  I,  and  decreases  from 
the  horizon  to  the  zenith  and  is  there  nothing.  The  parallax  is  less  as  the 
objects  are  farther  from  the  earth :  thus  the  parallax  of  a  planet  at  d  is  re^ 
presented  by  a  6,  being  less  than  that  of  the  moon  at  1);  and  the  hori- 
zontal parallax  Kf  of  the  planet  is  less  than  the  horizontal  parallax  KI 
of  the  moon.  As  the  parallax  makes  the  objects  appear  lower  thao 
tliey  really  are,  it  is  evident  that  the  parallax  must  be  added  to  the  appa** 
rent  altitude  to  obtain  the  true  altitude.  Having  the  horizontal  paraJlax, 
the  parallax  in  altitude  is  easily  found  by  the  following  rule — ^s  radius  is 
to  the  co'sine  of  the  apparent  altitude^  so  u  the  Jiorizontai  paraUax  to  thepa- 
raUax  in  altitude.  This  rule  may  be  easily  proved :  for  in  the  triangle  CAE 
we  have  CE  :  CA : :  radius  :  sine  CEA ;  and  in  the  triangle  CDA  we  have 
CD  (or  CE) :  CA : :  sine  CAD  :  sine  CDA;  hence  we  have,  radius  :  sine 
CEA  : :  sine  CAD  :  sine  CDA,  but  CEA=horizontal  parallax,  CDA=:pa- 
rallax  in  altitude,  and  sine  C  AD=co-8ine  app.  alt.  Hence  we  have  radius : 
co-sine  app.  alt. :  :  sine  hor.  par. :  sine  par.  in  alt.  but  the  parallaxes  of  the. 
heavenly  bodies  being  very  small  the  sines  are  nearly  propcptional  to  the  pa- 
rallaxes, hence  we  may  say,  as  radius  :  co-sine  app.  alt. : :  hor.  par. :  par.  in 
alt. 

The  sun's  mean  parallax  in  altitude  is  given  in  Table  XIV.  for  each  5®  or 
10°  of  altitude.  The  moon's  horizontal  parallax  is  given  in  the  7th.  page  of 
the  month  of  the  Nautical  Almanac,  for  every  noon  and  midnight  at  the  me- 
Vidian  of  Greenwich. 
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112  VARIATION  OF  THE  COMPASS. 

compass  when  elevated  above  the  horizon  ;)  the  difference  between  this  and 
the  true  azimuth  found  by  calculation  will  be  the  variation. 

SSome  years  after  the  discovery  of  the  variation,  it  was  found  that  it  did 
not  remain  constant :  for  the  easterly  variation  observed  in  England  gradually 
decreased  till  the  needle  pointed  to  the  true  north  and  then  increased  to  the 
westward,  and  is  now  above  two  points. 

As  all  the  courses  steered  by  a  compass  must  be  corrected  for  the  varia- 
tion to  obtain  the  true  courses,  it  is  of  great  importance  to  the  navigator  to 
know  how  to  find  the  variation  at  any  time :  to  do  this  it  is  necessary  to  find 
the  magnetic  amplitude  or  azimuth  of  a  celestial  object,  which  may  be  done 
as  follows  : 

■ 

To  observe  an  amplitude  by  an  azimuth  compass^* 

When  the  centre  of  the  sun  is  about  one  of  his  diametersf  above  the  hori- 
zon, turn  the  compass  round  in  the  box,  until  the  centre  of  the  sun  is  seen 
through  the  narrow  slit  which  is  in  one  of  the  sight  vanes,  exactly  on  the 
thread  wliich  bisects  the  slit  in  the  other  ;|  at  that  instant  push  the  stop 
which  is  in  the  side  of  the  box  against  the  edge  of  the  card,  and  the  de{;ree 
and  parts  of  a  degree  which  stand  against  thae  middle  line  on  the  top  will  be 
the  magnetic  amplitude  of  the  sun  at  that  time  ;  which  is  generally  reckon- 
ed from  tlitt  east  or  west  point  of  the  compass. 

To  observe  an  azimuth  by  an  azimuth  compass. 

Turn  the  compass  round  in  the  box  until  the  centre  of  the  sun  is  seen 
through  the  narrow  slit  which  is  in  ene  of  tiie  sight  vanes,  exactly  on  the 
thread  which  bisects  the  slit  on  the  other,  or  until  the  shadow  of  the  thread 
/alts  directly  along  the  line  of  the  horizontal  bar4  the  card  is  then  to  be 
stopped,  and  the  degree  and  parts  of  a  degree  which  stand  against  the  mid- 
dle line  of  the  stop,  will  be  the  magnetic  azimuth,  of  the  sun  at  that  time, 
which  is  generally  reckoned  from  the  north  in  north  latitude,  and  from  the 
south  in  south  latitude.||  At  the  time  of  making  this  observation,  you  must 
also  observe  the  altitude  of  the  sun,  in  order  to  obtain  the  true  azimuth. 

What  is  here  said  of  the  sun,  is  alike  applicable  to  the  moon,  planets,  and 
stars. 

TO  FIND  THE  TRUE  AMPLITUDE* 

9 

RULE. 

By  logarithms. — To  thelo/s^-secant  of  the  htlitude  (rejedinfr  10  i/i  tfte  ?n- 
dex)  add  the  lofc>  sine  of  the  sun^s  declination  ;**  the  sum  wiU  be  the  &^.  sine 
of  the  true  amplitude  or  distance  of  ike  sun  f ram  the  east  or  west  pointy  towards 
me  north  in  north  dedinationj  but  towards  the  south  in  south  declinaiion. 
^  Bt  inspection. — Find  the  dediuation  at  the  top  of  Table  VIL  and  the  In- 
Utude  in  the  side  column ;  under  the  former  and  opposite  the  latter  unU  be  the 
true  amplitude.  When  great  accuracy  is  required,  you  may  proportion  for 
the  minutes  of  latitude  and  declination. 


^  The  figure  of  ao  azimuth  conpus,  furaished  with  sight  vanes,  is  given  in  Plate  VI.  fig.  &  The 
card  of  this  compau  is  similar  to  that  of  a  common  compass. 

t  The  observation  is  to  be  taken  at  that  altitude  on  account  of^be  dip,  refraction  and  parallax, 
tiM  correcUoo  of  altitvde  depending  on  these  causes  being  in  general  nearly  equal  to  the  sun's  dia- 


t  If  tlM  instrument  is  furnished  with  a  main)ifying  glass  fived  to  one  of  the  vanes,  you  may  (in- 
stead of  proceeding  as  above)  turn  the  compass-box  until  the  vane  is  directed  towards  the  ^un,  and 
when  the  bright  speck:  (or  rays  of  the  sua  collected  by  the  magnifying  glass)  falls  upon  the  slit  of  the 
other  vane,  or  upon  the  line  in  the  horizontal  bar,  the  card  is  to  be  stopped,  and  the  divisions  read  off 
••above.  ^ 

11  If  the  eompass  vibrate  coesJilMiblT  at  the  time  of  making  the  observations,  it  would  be  condu- 
cive to  aecuracy  to  take  several  asmiutba  and  altitudes,  and  to  take  the  meait  of  all  the  azimuths  and 
all  the  attitudes,  and  work  the  Abiorvatioo  with  the  mean  azimuth  and  altitude-  The  same  is  to  be 
•tattrved  in  taking  an  ampiitfii.  • 

M  The  deciinatioii  of  tbi  tuo  at  noon  Is  given  in  the  Nautical  Almanac,  and  in  Table  IV.  and 
:  be  eometed  for  the  longitude  of  tteabip  and  the  hoor  of  the  day.  by  meacs  of  Tsble  V. 


VARIATION  OF  THE  COIMPASS.  Jl^ 

EXAMPLE  I. 

I^eijuired  the  sun's  tnie  amplitude  at  rising,  in  the  latitude  of  39^  0'  N.  on 
the  aad.  pf  December,  ii>aO? 


BY  LOGARITHMS. 
Latitude  39°     0'  Ipg.  sec.     0.10950 

Sun^s  declin.      23    28  log.  sioe    9.60P12 


BY  INSPEPTION. 
Under  the  declination  23^  28'  and  oppo-  '«"' 
site  the  latitude  39^  stands  the  true  am- 
piitude  30°  49'.       • 


True  anipli.        30    49  log.  sine    9.70962 

Hence  the  true  bearing  or  amplitude  of  the  sun  at  rising  is  £.  dO°  49'  S. 
and  at  setting  it  is  W.  30°  49'  S. 

EXAMPLE  IL 

Required  the  moon's  true  amplitude  at  setting,'in  the  latitude  of  35°  $'N. 
when  her  declination  is  13°  N.  ? 

BY  LOGARITHMS.  I  BY  INSPECTION. 

Latitude  35^     8' log.  sec.     0.087341     Under  the  declination  13°,  and  opposite 

MooD^s  declin.  13      0  log.  sine    9.35209ithe  latitude  35*^  stands   15^56,  which  \$ 

nearly  the  true  amplitude ;  the  exact  va- 
lue may  be  found  by  finding  the  aroplitudo 
for  36°  latijtudey  and  proportioning  the  dif- 
ference for  the  miles  in  the  latitude. 

Hence  the  true  amplitude  at  setting  is  W.  15°  58'  North,  and  at  rising  E, 

15°3B^N.  '  *  ^ 

EXAMPLE  IIL 

Required  the  sun^s  true  amplitude  in  the  latitude  of  42°  30'  If.  when  hif 
declination  was  20°  N. .? 


True  ampfi.       15    58  log.  sine    9.43943 


BY  LOGARITHMS. 


BY  INSPECTION. 


Latitude  42^  30'  log.  sec.     0.13237      Under  the  declination  20°  and  opposite 

Sun's  declin.      20     N.  log.  sine    9.53405jthe  latitudes  42°  and  43°,  stand  27°  24^ 

land  27°  5^';  the  mean  of  these  gives  the 

T^ue  ampli.        27     33  log.  sine    9.66642] true  amplitude  for  the  latitude  of  42°  30' 

=27°  38'. 

Hence  the  amplitude  at  setting  is  W.  27°  38'  N.  and  at  rising  E.  £7°  3^' 
North.  t. 

To  find  the  true  azimuth  at  any  time* 

At  me  time  of  observing  the  magnetic  azimuth,  you  must  also  observe  the 
altitude  of  the  object :  this  altitude  must  be  corrected  as  usual  for  the  dip. 
parallax,  refraction,^  &lc.  in  order  to  obtain  the  true  altitude ;  you  must 
also  find  the  declination  of  the  obiect,t  and  the  latitude  of  the  place  of  obser- 
vation, and  then  the  true  azimutn  may  be  calculated  by  the  following  rule. 

Rule.  Add  together  the  polar  distance^  the  latitude,  and  the  true  alti- 
tude, take  the  difference  between  the  half  sum  and  the  polar  distance,  and 
note  the  remainder.  Then  add  together  the  h)^.  secant  of  the  latitude,  tha 
log.  secant  of  the  altitude,  (rejecting  10  in  each  index)  the  log.  co-sine  of  the 
half  sum,  and  the  log.  co-sine  of  the  remainder;  half  the  sum  of  these  four 
logarithms  will  be  the  log.  co-sine  of  half  the  true  azimuth,  which  being  dou- 
bled will  give  the  true  azimuth,  reckoned  from  the  north  in  north  latitude, 
but  from  the  south  in  south  latitude. 


»  In  ob<>erTBtions  of  the  a1titii(!eof  the  sun'*  lower  limb  (by  afore  oh-servation)  it  is  usual  to  add 
12'  for  t^e  effect  of  dip,  parallax,  and  semi  diameter.  The  refractiuu  is  to  be  subtracted  from  the 
Num,  and  the  remainder  niil  be  the  true  al'iuide  nearly. 

t  The  declination  is  to  be  Tou/kI  arrordinc  to  the  directions  in  the  note  in  the  last  pajre. 

t  The  i>olar  distance  of  the  aun,  moon,  or  star,  18  the  diMance  from  the  elevated  pole,  aiwl  is  found 
by  !tuhtr^<?tiii<;  the  declinatio'i  of  the  object  from  9(P,  wh^u  the   lat.Uu<l^^^^vv^i^O:\x«^:vi\\^v%^\^^?*k 
same  name,  but  by  adding  to  i;(P  wheu  of  diffcrer.t  ucLmea. ... 
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¥ 


EXAMPLE  I. 

In  latitude  51^  S£'N.  the  sun's  true  altitude  was  found  to  be  39^  Stff^  his 
dediDation  being  then  16^  38'  N. — ^required  the  true  azimuth  ? 

Polar  distance  73o  22' 

Latitude  51     32     Secant  0.20617 

Altitude       _  39    28     Secant  0.11219 


9.13355 


Sum 

164 

22 

■ 

Half  sum 
Polar  distance 

82 
73 

11 
22 

Co-sine 

Remainder 

i  Sum  log.  oo-sine 

8 
58° 

49 

4' 
2 

Co-sine 

True  Azimuth 

116 

8 

from  the 

9.99484 


2)19.44695 
9.72347 


The  lof^arithna  9.72347  of  this  example  is  also  the  co-une  of  121<'  56', 
which  doubled  gives  another  azimuth  £43°  5£',  the  former  being  116°  8'. 
One  of  these  corresponds  to  an  observation  in  the  forenoon,  the  other  to  an 
afternoon  observation. 

^  EXAMPLE  II. 

In  latitude  429  16'  S.  the  sun's  true  altitude  was  found  to  be  1S°  «40',  his 
declination  being  then  7°  38'  N. — required  the  true  azin^uth  ? 

Po^ar  dfstance  97^  38' 

Latitade  42    16      Secant         0.13076 

Altitude  18    40     Secant         0.02347 


Sum 

158 

34 

Co-sine 

Co-sine 
Sum 

from  the 

Half  sum 
Polar  distance 

79 
97 

17 
38 

9.26940 

Remainder 

18 

21 

9.97734 

59 

53 
2* 

19.40097 

J  Sum  log.  co-sine 

9.70048 

True  azimuth 

119 

46 

south. 

QUESTIONS  TO  EX^CISE  THE  LEARNER. 

Que$Hom  I.    Given  the  sun*8  altitude  corrected  for  dip,  refraction,  kc.  ao^  46',  his  deellnatioa 
]70  lO'  8.  and  the  latitude  of  the  place  409  38' N.  reqaired  the  true  azimuth? 

Jnmer.    137^  5(f  from  the  north, 
to  QutstionU.    What  in  the  tun*!  azimuth  in  the  latitude  of  26^  ao*  N.  in  the  forenoon,  when  his  cor- 
rect ceatral  altitude  is  S40  aS'  and  hia  declination  220  40'  N. !  ^ 

Jnswer.    15P  44'  from  the  north.  * 

Quettiftn  III.    At  the  island  of  St.  Helena  the  sun's  true  centraj^ altitude  was  found  to  be  3QP  23' 
in  the  forduoon,  his  declination  beins  than  220  58'  S.— required  the  azimuth  at  that  time  f 

Ai^tnty.    7S0  21'  from  the  south. 

Qtuttitm  IV.    Vbat  point  of  the  compass  did  the  star  Aldebaran  bear  on,  is  the  hititude  of  34* 
23'  8.  on  January  1,  I8O4,  vrhen  the  correct  altitude  of  that  star  iras  22^  S6'  ? 

Jnswer.    13(P  16'  from  the  south. 

Honing  ike  true  magiuHc  amplitude  or  aximutk^  to  find  the  V€ari4jAion, 

Having  found  the  true  and  magnetie  amplitude  or  a^muth,  the  variation 

may  be  easily  deduced  therefrom  by  the  following  rule,  in  which  the  am- 

'  pKtude  19  redconed.from  the  east  or  west  point  of  the  horizon,  and  is  called 

north  Yfhea  to  the  northward  of  those  po\iil«,  V)\it«Q\]Ah  N^hea  to  the  south- 


% 


116  VARIATION  OF  THE  COBiPASS. 

fiuLG.    Find  from  Table  IV.  the  daily  Tariadon  of  the  buh'b  declination' 

^  on  tho  day  of  obix^rvation.  Then  to  tkt  constant  logarithm  9.1249  add  the  log, 

co-sine  of  the  latitude  of  the  placc^  the  log.  sine  corresponding  to  the  elapsed 

time  btitofcn  the  observations  found  in  the  column  P.  M.  the  Prop,  Log,  of 

the  daily  variation  of  the  sun^s  dedinntionf  and  the  Prop,  Log.  of  the  elapsed 


northern  hemisphere,  otherudse  byfidding.\    The  azimuth  thus  corrected  is  to 
be  used  in  estimating  the  variation  instead  of  the  observiKl  azimuth. 

It  is  not  necessary  in  this  calculation  to  find  the  latitude  or  declination  to 
any  great  degree  of  accuracy,  which  is  the  greatest  advantage  of  the  me- 
thod :  another  of  the  advantages  consists  io  being  able  to  take  a  great  num- 
ber of  observations,  and  applying  the*,  correction  at  one  operation  to  the  va- 
riation deduced  from  the  mean  of  all  the  obseri'ationsj  so  that,  when  great 
accuracy  is  required,  as  in  taking  observations  ashore,  this  method  may  be 
iisctd  with  success ;  and  it  is  evident  that  it  is  alike  applicable  to  the  moon 
or  any  he^'enly  body,  but  the  observations  must  be  taken  in  the  sameplace, 
as  it  would  increase  the  calculation  considerably,  to  make  an  alloivailce  for 
the  change  of  place,  as  weM  as  for  the  change  of  declination ;  and  it  tvould  be 
better  in  this  case  to  calculate  each  observation  separately  by  the  rules  be- 
fore given. 

EXAMPLE. 

Suppose  that  on  the  lOth  of  April,  1820,  in  the  latitude  of  4S?  ^  N.  long. 
60°  VV.  the  sun's  morning  azimuth  was  Observed  to  be  S.  54**  t4'  E.  and  in 
the  ev*>ning,  when  the  sun  was  at  the  same  altitude,  was  S.  39^'  46'  W.  Iht* 
fel'.psed  time  between  the  observations  being  6b.  20  m. — required  the  varia- 
tiooP 

Constant  logarithm  ....  9.1249 
Latitude  42^  29'  co-sinc  .  .  .  :  9.8677 
t^lapied  time  6h.  20m«    Sine  .        .        9.8676 

Paily  variation  of  declination  22'  P.  L.  .  .9126 
Elapsed  time  6h.  20m.  taken  as  6' 20"  P.  L.    1.4536 

Corr.  western  azimuth  11  nearly  P.  L.  1.2266 

Western  azimuth  S.  39  46  W. 


Corrected  azimgth  S.  39  35  W. 

Morning  azimuth  S.    64  24  £.  ^ 

Difference    .        .14  49         The  half  of  which  7^  24' is  the  va- 
Hation,  which  is  easterly,  because  the  greater  azimuth  S.  54^  24'  E.  is  easterly. 

The  variation,  thus  found,  is  to  be  alloiireci  on  all  courses  steered  by  the 
compass  to  obtain  the  true  coiu*8e8.  To  make  this  allovrance,  you  must 
look  towards  tlie  point  of  the  compass  the  ship  is  sailinK  upon,  and  allow  the 
variation  fn»m  it  towards  the  right  haf^,  if  the  variation  he  east,  but  to  the 
left  hand,  if  the  varudion  be  west.  Thus,  if  a  ship  steer  S.  E.  with  one  point 
westerly  variation,  the  true  course  will  be  S.  E.  by  E.  If  the  Tariation  is 
f^  point  easterly,  the  course  will  be  S.  E.  by  8. 

In  the  folloHinc;  Table  are  collected  a  few  obtenrations  of  the  variation, 
made  at  different  times,  and  in  different  places. 


#  The  ctapsed  time  miy  be  deternaioed  hj  aay  eommoo  watch,  but  if  ooae  wu  used  in  the  ob- 
senration.*,  it  may  be  deteniiined  is  follows.    If  ooe  of  the  obterred  sziiDUths  wu  eaiit  and  the  other 


Io  he  used  tn  the  above  rtlculatioD,  and  this  logarithm  will  commoad  to  the  elaMedtiiie.  narked 
iothecolumoP.M  of  Table  XXVII.  •  '    'm-l^-T^ 


t  In  this  rule  it  is  supposed  that  the  beariof  of  the  suo.  by  the  afteroooo  obserratloii,  is  to  the 
Westward  of  the  meridian  by  coBiitSB;  but  if  there  be  agreat  variatioD.  that  besrias  migtit  be  to  the 
Mrtirard  of  the  meridhui  by  the  eosBpaas,  and  io  that  case  tba  comctloo  oC  tbe  wesCera  asiiauttt 
IDiir  M  sjppljed  III  i  eodCrtry  MBBer  to  tiM  above  diiectkidi 
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PIftces  observed  at. 

Latitude. 

Longitude 

from 
Greenwich. 

Year  ul 
Obser- 
vation. 

Variation 
ObserTcd. 

(Cambridge,  Mast.) 

420  23' 

N, 

7iO  8'  W. 

1708 

90  O'W. 

1742 

SOW. 

4^ 

1757 
17(1 
1763 

7  20  W. 
7  14  W. 
7    0  W^. 

• 

1782 

6  46  W. 

Boston. 

42 

23 

N. 

71     4   W. 

1742 

8     0  W. 

Beverly  (town.) 

42 

36 

N. 

70  62    W. 

1781 

7    2  W. 

Salem. 

42 

33 

K. 

70  52  W. 

1805 
1808 

6  67  W. 
6  20  W. 

London. 

51 

31 

JV. 

0    5   U. 

1672 
1780 

11  15    E* 

2  30  W. 

22  41  V^^. 

Paris. 

48 

50 

N. 

2  20    E. 

1550 
1660 

8     0   E. 
0     0 

* 

1769 

20     0  W. 

Funchal  Road. 

32 

38 

N. 

17     5  W. 

171)2 

18  35  W. 

Si.  Croix  Koad. 

28 

27 

N. 

16  16  W. 

17112 

17  35  W. 

Bonavbta. 

16 

6 

N. 

22  53  VV. 

1792 

12  36  W. 

St.  Jago  (Praya  Bay.) 

14 

52 

IV. 

23  30  W. 

1769 
1792 

11  10  W. 

12  48  W. 

Isle  of  May. 

15 

4 

N. 

22  46    W. 

1792 

12  00  AV. 

Ascension. 

7 

56 

S. 

14  21    W. 

1678 
1776 

1     0    E. 
10  45  W. 

St.  Helena. 

15 

55 

S. 

5  51    W. 

1677 
1776 
1794 

0  40    E. 
13  15  W. 
16  16  W. 

Tristan  d'Acunha. 

37 

7 

S.J   11  38  W. 

1792 

7     0  W. 

Cape  of  Good  Hope. 

34 

26 

s. 

18  23     K. 

1776 

21     0  W, 

Cape  Lagullas. 

34 

53 

s. 

20  10     E 

1600 

0     0 

1692 
1776 
1790 

11    0  \v. 

21  40  V\. 
23  30  \V. 

Island  St.  Paul. 

.37 

66 

s. 

77  28     E 

1677 
1803 

23  30  W . 
19  30  \V. 

Isle  of  Bourbon. 

20 

52 

s. 

55  31     E. 

1795 

15  33  W. 

Java  Head. 

6 

46 

s. 

104  50     E. 

1676 
1786 

3  10  VV. 
0  54  VV. 

Batavia. 

6 

10 

s. 

106  51     E. 

1793 

0  30  VV. 

At  Sea. 

29 

10 

N. 

23  52  W. 

1795 

15  00  VV. 

At  Sea. 

27 

00 

N 

22  43  W. 

1795 

15  44  VV. 

At  Sea. 

15 

28 

N. 

20  48    W. 

1795 

12  05  VV. 

At  Sea. 

12 

14 

N. 

20  05  W. 

1795 

11  39  VV. 

At  Sea. 

9 

47 

i\. 

20  15   W. 

1795 

11   48  VV. 

At  Sea. 

U 

54 

N. 

20  15   W. 

1795 

10  50  VV. 

At  Sea. 

5 

46 

iN     20  54   W. 

1795 

n  00  VV. 

At  Sea. 

3 

16 

N. 

21  27    \V. 

1796 
I7?5 

10  47  VV. 

At  dca. 

0 

0 

24  20    \V 

8  43  VV. 

At  Sea. 

2 

33 

S 

24  54  VV. 

1795 

7  05  VV. 

At  Sea. 

.5 

48 

S. 

.^6  5^i  VV 

1795 

5  24  W. 

At  Sea. 

7 

59 

s 

27  54  W. 

1795 

4  14  W. 

At  Sea. 

9 

27 

s. 

27  65  W. 

1795 

3  33  W. 

At  Sea. 

13 

19 

9. 

26  58  W. 

1795 

3  64  W.- 

At  Sea. 

19 

47 

s. 

25  56   W. 

1795 

2  60  W. 

At  Sea,  near  Trinidad. 

20 

28 

s. 

28  44  W. 

1796 

2  35  W. 

At  Sea. 

21 

32 

s. 

25  27   \V 

1795 

2  25  U  . 

At  3ea. 

23 

43 

s. 

23  45   W. 

1795 

2  31   W. 

AHBea. 

28 

11 

s. 

18  45   W. 

1795 

6  23  AV. 

At%a. 

35 

05 

e. 

6     0    W. 

1795 

11  10  w. 

36 

33 

s. 

0  15     E. 

1795 

13  40  W. 

At  Sea. 

36 

12 

s. 

4  16     E. 

1795 

15  10  W. 

k 

At  8ea. 

37 

20 

s. 

1  1t5k    IE. 

\  \^^b\\^crv^.    \ 

At  Sea. 

i36 

45 

s.\  %B  "n  -« 

A  \-\^b\i^^*^^:i! 

At  Sea. 

Wi 

54 

S.\  5^  w    ^ 

E.\   \i^b\\^v^^.; 

At  Sea. 

u 

C 

\      \  ?.a  ^&  ^ 

^»\  .V    \n 

.^b\    -s.    ^J^ 

X  . 

IdO     T6  tlND  Tltfi#LATtTttDE  BT  OOtJ^t^E  A&rl¥l/i>£S. 


EXAMPLE  IIL 

beio^  At  sea  b  lat.  ^0°  40^  N.  per  account,  when  the  sUri*^  declination  was 
SO^  0'  S.  at  lOh.  17m.  A.  M*  per  watch,  the  sun's  correct  central  altitude  was 
found  to  be  17°  13'^  at  lib.  17m.  A.  M.  per  watch,  the  correct  central  alti- 
tude was  found  to  be  19°  41'*    Required  the  latitude  ? 

Times.        Alt»        Net  hi    Lat.  by  acct.  50°  40'  Sec.  0.10808 
H.  H.    s.  Declin.  SO    00   Sec.  0.02T01 

2  0bs.       1117     0       19®  41'bS=33682  

1  Obs.      10  17     0       17    13=29599    Log.  ratio 


Elaps.time  10    0  DiiL  NatSi.  4088    Its  log. 
i  Ela.  time  0  80    0  Its  log.  from  col.  half  elapsed  time  is 
1    0  50  In  col.  of  mid>  time  corresponding  to 


l*rue  WxAe  0  30  50  from  noon*     Its  log.  from  coL  of  rising 

Log.  ratio  subtract 

538  Nat  ndm.  of 
33682  Nat  sine  greatest  att. 


0J22504 
8.61098 

0.8843d 

- 

4.7203i 

2.95599 
0.22504 

Log.  2.78099 


84220  Nat  co-sine  ® 's  merid.  sen.dist.  69°  59^  N. 
®'8  declination  -----  20  0  S. 
Latitude    -    ^    ----'>    40  59  N. 

But  as  this  latitude  differs  41  miles  from  that  by  account,  it  will  be  proper 
to  repeat  the  operation,  using  the  latitude  last  found  instead  of  the  latitude 
by  account. 

Lat  last  found  49°  59'  Sec.  0.1 9178 
Decl.  20    0    Sec.  0.02701 


i  Elapsed  time 

It.  Bi.  s. 

0  30  0 

10  0 

Log.  ratio                             0.21879 
Log.  diff.  N.  sines               8.61098 
Its  log.                                  0.88430 

Middle  time 

Its  logi                                   4.71407 

True  time  from  noon 

0  80  0 

Its  log.  in  col.  of  rising  is    2.93223 

Log.  ratio  0.21879 

517  Nat  numb,  of  log.  2.71344 
83682  Nat  sine  gr.  alt 


Nat  co-sine  ©'s  mer.  fcen.  dist  70^  &  N.    34199 
Declination 20   OS. 


Latitude  - 


*•    -    »    -    60  0  N. 


The  latittide  last  found,  ditfering  only  one  mile  from  that  used  in  the  ope^^ 
iration,  may  be  depended  on  as  the  true  latitude.  From  this  example  it  ap- 
t>cars  that  the  calculation  may  be  repeated  with  very  little  additional  trou- 
ble, but  few  alterations  being  necessary. 

EXAMPLfi  iV. 

Being  at  sea  in  the  latitude  60°  0'  north  by  account,  When  the  sun  was  on 
the  equator,  and  consequently  had  no  declioation,  atlb.  Om.  P.  M.  per 
watch>  his  correct  central  altitude  was  28°^53',  and  at  3h.  Om.  P.  M.  per 
^tch)  the  correct  central  aHttnde  was  20^  4r.    Required  the  true  latitude  P 
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Timet. 

B.  M.   f. 

Alt.        Nat.  Si. 

1   Obs. 

1     0     0 

28"  53' =F  48303 

2  Obs. 

3    0    0 

20    4^  z=:  35347 

Lat.  by  ace.  60<=>  Sec.  0.30103 
Declio.  Q    3ep*  0.00000 


Elap.  time   2    0    0 
i  £la.  T.     10    0 

2    0  10 


Ti.  fr.  N.     1    0  10 


Log.  ratio 

12966         Its  lo{. 
Its  log.  io  col.  of  J  elaps.  time 

Its  log.  in  cot  of  mid*  time 

Its  log.  from  col.  of  risiog 

Log.  ratio 

1713     Nat.  numb,  of  log. 
48303 


0.30108 

4.1124T 
0.68700 

5.00050  . 

3.53482 
0.30103 

3.23379 


Nat.  cos.  0's  met,  sen.  dSst.  59^  59^  50016 

Hence  the  latitude  was  59^  59'  N*  the  sun  having  no  declination. 

EXAMPLE  V. 

The  latitude  by  account  being  7°  40'  N.  aud  the  sun's  declination  2SP47' 
N.  at  7h.  25m.  40s.  A.  M.  the  true  altitude  of  the  suu*s  centre  was  22^  SO' 
and  at  lOh.  Sim.  48s.  A.  M,  was  6S^  40' ;  required  the  ship's  true  latitude? 

FIRST  OPERATION. 

Times. 

R.  M.  8.       Alt.  Nat.  Si. 

2  Obser.      10  31  48    639  40^  69623 


Lat.  by  acpt.  7^  40'   Sec.  0.00390 
Declin.  22    47    Sec  0.03528 


1  Obaer.        7  25  40    22     30 


38268 


Elap.  time    3    6    6    Di£  Nat.  Sines  51355 

I  £la.  time    1  33    4    Its  logarithm 

H.     JV.     8. 
Middle  Urae  3       1     24 

i  Elaps.  lime  sub.  1    33    04 

2d.  obser.  before  noon      1    28    20 
Its  log.  in  col.  of  rising 
Log.  ratio  subt. 

Nat.  number  correspond.  6703 

Nat.  sine  of  gr.  alti.  add  89623 

Nat.  cos.  0*B  lueri.  zen.  dist.  \5^  35'  S.      96326 
4^*8  declination  22    47  N. 


Log.  ratio 

Log.  of  the  difference 


0X)3918 

4.71058 
0.40339 

5.15315 


3.86547 
0.03918 

log.  3.82629 


Ship's  latitude  resulting  7    12  N, 

As  the  latitude  by  account  differs  from  (he  computed  latitude,  the  opera- 
tion must  be  repeated* 

SECOND  OPERATION. 

H      M      8 

Sec.  0.00344    Log.  of  1    28    5  3.86304 

Sec.  0.03528    Log.  ratio  subt.  0.03672 


Lat.  last  found  7^^  12' 
O's  declina.      22    47 


Log.  ratio 

Log.  of  diff.  of  Nat.  sines 


Log.  of  i  Elaps.  time 


Middle  time 
i  Elaps.  time 


If.     JB«     8. 

3      19 
1     33    4 


0.03872    Nat  number  6673  log.  3.82432 

4.71058    Nat.  sine  of  gr.  alti.  89623         ■ 

0.40339  O's  mer.  Z.  (lis.  n.  cos.  96296  s=  15°  39*  S. 

5.15269  Cs  decltnatioa  22*  47  N. 

Ship's  lat.  resulting  7    0(N. 


2  obs.  before  noon      1    28    5 

In  the  former  examples  we  have  considered  both  altitudes  as  taken  atlVv^ 
same  place  or  station ;  but  as  that  is  seldom  the  c^%^  kX  vkta.^  ^^xjft.^^'owr^ 
correction  for  any  alteration  of  atalion  mu«l  W  ixv^^v.  ^^  Iq^^\«%*> 
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But  as  the  latitude  by  computation  dUfers  considerably  from  that  by  ac- 
count, the  work  must  be  repeated. 

Latitude  last  found  480   5/    See.  0  J8269 
Declimtioo  23     28     Sec.  0.03749 

a.    K.    a. 

i  Elapsed  time  1     50   0 

Middle  time  0     10   0 


Time  from  oooB  1    40   0 


Jjog,  ratio 
Dlf.N.siae   S43a 

Its  log. 

Its  log.  in  col-  of  rising 
Log.  ratio 

Nat.  number  of 

Nat.  COS.  mer.  zen.  distance 
DeclioatioD 

Its  log. 
lU  log. 

log. 

720 
23 

a2201l 
3.3U596 
a3355f 

3.94166 

3.97170 
0.22011 

56U 

S4GI5 

3.75119 

30259 

33'  N. 
2U  S. 

True  latitude  48     55  N. 

This  latitude,  differing  only  two  miles  from  that  used  in  the  computation, 
may  be  depended  upon  as  the  true  latitude  of  the  ship  at  the  time  of  the  se- 
cond ob8er?ation.  If  the  first  altitude  had  not  been  corrected,  the  computed 
latitude  would  have  been  found=48°  40^  N. 

EXAMPLE  VII. 

Sailing  N.  E.  i  E.  by  compass,  at  the  rate  of  9  knots  an  hour,  at  Oh.  Sim. 
40s.  p.  M.  per  watch,  the  altitude  of  the  sun's  lower  limb  was  28^20'  above 
the  horizon  of  the  sea,  the  eye  being  elevated  20  feet  above  the  surface  of 
the  water,  and  the  sun's  bearing  by  compass  S.  by  W.  and  at  2h.  58m.  208. 
P.  M.  by  watch,  the  altitude  of  the  sun^s  lower  limb  was  16°  41'  above  the 
horizon,  the  eye  being  elevated  as  before,  the  latitude  by  account,  at  the 
time  of  the  last  observation,  48°  O'  north,  and  the  declination  1S°  17'  south. 
Required  the  true  latitude  at  taking  the  last  observation  ? 

The  correction  of  these  altitudes  for  semi-diameter,  parallax,  and  dip  was 
12  miles  additive,  which  makes  them  28°  dS'  and  16°  53';  the  refraction 
corresponding  to  the  first  was  2  miles,  and  for  the  second  3  miles,  by  sub- 
tractinig  whicn  we  have  the  true  central  altitudes  28°  30'  and  16°  50'.  Now 
the  elapsed  time  between  the  observations  was  2h.  26m.  40s.  during  which 
the  ship  sailed  22  miles  (at  9  miles  per  hour)  in  the  direction  of  N.  E.  i  E. 
per  compass,  the  bearing  of  the  sun  at  the  first  observation  S.  by  W.  being 
12i  points  distant  from  the  ship's  course,  and  as  12^  points  want  3i  of  16 
points,  I  enter  Table  T.  and  find  the  course  3i  points  and  distance  22,  cor- 
responding to  which  in  the  latitude  column  is  17  miles,  which  subtracted 
from  the  first  altitude  28°  30'  leaves  the  corrected  first  altitude  28°  13' ;  with 
this  and  the  second  altitude  16°  50',  I  calculate  the  latitude  in  the  following 
manner: 


1  Obaer.         0 

2  Obser.        2 

M.      8. 

31     40 
58    20 

Alt.              Nat.  Si. 
280  13'             47281 
16    50             28959 

Lat.  by  account 
Declio. 

Log.  ratio 
Its  log. 

!>8ed  time 

rresponding  to 

Nat<  number  of 

*lo   81' N. 
13     17  S. 

480 
13 

0' 
17 

Sec. 

Sec. 

a 
• 

log. 

0.17449 
0.01178 

Elapa.  Ume   2 

26    40 

Diflf.  Nat.  sine       18322 

Its  log.  from  col.  of  k  ^^\ 

In  col.  of  middle  time  coi 

Its  log.  from  col.  of  rising 

Log.  ratio 

Nat.  sine  g.  alt    47281 

674 

(il8H27 
4.26298 

i  Elap.  time  1 

13    20 
46    20 

0.50233 

1 

4.95157 

0 

33    00 

Nat.  co*8ioe 
Deelinatioo 

a0l48S 
0.18627 

2.82861 

• 

roer.  r^n.  dist.       47955= 

Tiatitude  48       4  N. 
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complement  of  latitude ;  then  add  together  the  zenith  distance^  ca-latUudef 
and  polar  diattnce^  from  hnlfthtir  sum  subtract  the  uenUh  distance,  and  note 
the  rtmuinder ;  then  add  together  the  U.g.  co-secani  of  the  co-lot.  (this  and  all 
the  other  lo^s.  being  found  in  Table  J&VIL)  the  tog,  cs-secant  of  the  polar 
distance  ^rejecting  10  in  each  index)  the  sine  of  the  half  sum  and  the  sme  of 
the  remainder,  half  the  sum  of  these  four  logarithms  being  found  among  the 
log.  co-sines,  will  correspond  in  one  of  the  odjoinM  columns  to  the  time  of  day ^ 
The  two  preceding  examples  are  thus  workad  by  this  method. 

EXAMPLE  L 

0'8  cor.  alt.      13  40         «  Latitude     51  30    0^8  dec      6    34 

Zen.  dist.  76  20  Co-lat.        38  30    Pol.  dist.     96  34 

Co-lat.  38  30    Co-secant  0.20585 

Fbl.  dist.  96  34    Co-secant  0.00286 


Sum  211  24 


jl  Sum  105  42    Sine  9.98340 

Zen.  dist.  76  20 


Rem.  29  22    Sine  9.69055 


2)19.88275 

Co-sine        9  94137    corresponding  to  which  in  the  column 
A.  M.  is  8h.  7u.  9s.  the  time  of  day,  which  agrees  with  the  other  method. 

EXAMPLE  II. 

90O  0'  90^0'  .90^©' 

0'scor.  alt.       15  54  Latitude     39  54     ©'s  dee.  *17  28 

Zen.  dist.  74    6 '  Co-lat.       50    6    Pol.  diSt.    72  32 

Co-lat.  50    6        Co-sec.    0.11511 

Pol.  dist.  72  32        Co-sec.     0.02050 

Sum  196  44 

J^  Sum  98  22       Sine         9.99535 

Zen.  dist.  74    6 

Remainder         24  16       Sine  9.61382 


2)19.74478 


Co-sine    9.87239    corresponding  to  which  io  the  colnmii 
P.  M.  is  5h.  34m.  27s.  the  time  of  day,  which  agrees  nearly  with  the  first  method. 

By  the  preceding  method  you  may  find  the  begioning  or  ending  (rf  the  twi- 
light, by  calculating  the  hour  when  the  sun's  zenith  dislance  is  106®  (or  when 
the  sun  is  18°  below  the  horizon ;;)  for  by  observation  it  has  been  found  that 
the  twilight  begins  or  ends  when  the  sun  is  at  that  dbtanra  ftttm  the  zenith. 

EXAMPLE. 
Required  the  time  of  beginning  and  ending  of  the  twilight,  June  23.  IMO,  at  Boston? 
Zen.  dist.  108©  0'.  o  -7  ,         , 

Co-lat.  47  37  Co-secant    0.13156 

Pol.  dist.  66  33  Co-secant    O.O3744 


Sum 

222  10 

i  Sum 
Zen.  dist. 

111    5 
108    0 

Remainder 

3    i; 

Sine  9.96991 


V 


Sine  9.73069 


Sum  18.86960 


flu  *     m^  Half  sum  Qorwoit        ^Ar^AS^  ^V\53ktxvTRn^M»J^& 

to  2h.  6ro.  20f.  A.  M.  and  9b.  53m.  40a.  P.  M.    TVi^t^lqi^^  \\k^  iK^  w^^«t%»R»  <* 
A©  jwllighj  in  tba  morning  was  at  2h.  6m.  208,  swid  Vh^  ^twiX  fil  \x\uiOwa  w^ifta^'**-; 


M.  53m,  40s. 


IM    TO  TfWir  THE  TIMB  ^T  tEA  \Mf  ^XEGTTLATE  A.  WAT5EH; 

*t  nv  u:2  )r  ur-'  lexiiiuatiun,  ^wnX  :tM»  latitote  btt  butb  iiortfa  nr  both 
wuUm  sia-.  n^'C  aiie.''rrit:«s,  tuv  f  ib«  le  lorth  ind  the  -iibcr  ^Hiutta.  t&ke 
'f:>j:'  uiii:  .i:u  rum  rtus  laLiurat  ''.f^^iioe  oi*  ttna  'iiffereoceor  'um  ^ufatraet 
'.nt  !ai!i:-^i  i.rtj.ji  fit  'rue  lititude  l»oUi  iNsioii^  found io  Tiibie  X5IV.;  tind 
:bt  )s.  .1 'I'.'r-  iii&rejice  ii  T;iule  TCXVI,.  uid -brreio  ^he  1 035.  -lecant  of 
'c^  ii::i:ae  iri.-.n  ^sioie  XXV![, ,  m^  rb©  iojp  secant  01  ?he  -iun  ^l^'^tar^ 
'ier.j-rt«tii«iri  ir(i:n  tit  'ni?ie  Tnoici  'ejecting  10  in  <*acti  index;  Th*  ^um  Jt' 
-ftr:^*;  r.\t'.f.  :-j^::tv.r.ii\n  ifcifi;;  .O'imi  n  "he '.otumn  ot  mmg,  ^ Table  XXIII.  i 
^t\ti  .••u:-**.  i:i:;ute:«f  :'.«!  '•^I'jmus  ^Uirreflponouu^  'viil  ^  cdie  ipparpnt  'ime 
rttri)  itru'i.  i  ::i  .itiiuue  -n  ^.n*t  -Ma  V8M  'aicen ;  ')ut  if  i  -tar  was  ousierreii, 
'be  •.i»iTe.^M«^:i'ii:is  ^uie  vitl  m  ^te  aorary  liiaiaDce  *A  the  3Ur  'rom  tne  isft- 
'idhii:. 

r.'i*s   rvi;  )ref.eiuijis  --xainpieH  .ure  'hua  vorked  rvy  ^hia  third  method. 

axAMPLE  r. 
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)  1           1  vecuiK  ^th  t  ti»  ftr- 

Tier  meLnoas. 

-TiLliMPTJ: 

il. 

Jeri:,.aijr'n                                 ■  '•- 

.-ecant  'MMll 

It             1-«!0C 

.  It.     ue 
.iiTrr 

j(Ki!: 

)?.     .;  ?:*!:• 

..■.■1;j7S    ■■"rr*.,ti,,n'Mii» 

TBiea  iu  ctiC  coi'jnn  n.  r  thi  ;           !i. 
r  line  ■  T  ■•  itca 

:rn.    .73. 
0 

iff«im  re 

«r;*.'  '-I'll  lae  •  luer  •.jeuuiu. 

V»»,;:i  t  0  •  ow 

27 

* 

w 

To  >  ntt  lie  nppar^ni  limn  itf  antuiivmt  •  t'  :    uta.uar. 
Corn»rttlie  ^npprma  jiUitiitle  lor  'Me  -iip  .;nii  ieir»i;i!'>ri  1  iti»r   i-u   ••^in^s  •.. - 
nerailv  ^  miimtes  wnrn  the  nnsi'nrnUiHi    <    aKcn     n    nt:   '.HrK   m    ■   'uimijijn 


■fiSi!rviiL"jfj,  iijti  tn*j  scir  " 


rKbta«:fc!i-*wnjinii  «>riination  iiTawlH  Vf|l/>'i:»:ii  aa  Otft-ihi:!-  h.-  uu  < 
corrwiMiiimiii.  liiftsiiiu^  iiituuc,  imi  ne  :^uiai-  ;:]h;a!j.:f..  r..iii  dh  ::ii: 
-um  Miijtract  tlie  «iar>.  jutitiuiti,  .:nd  niuc  'he  reiaai/iuer.  1  ht:n  .  u.i  t::.w;fiiiM 
the  l'»K.  .:«7iDtoithiM.itilijaR.    tiij  ..»c.  '-i-^tMiiutiiJ   ^'^  '^'^'i**' ••'^' ■'«»''-•'•    »■- 


.nn:linK  when  l!i«  .tar  i-*.aat-»-  '.r^.:  im  .aia.u  -.i- -udn,^  .....n  w.-sL  =M  'm. 
mendian,  ihe  ...m  ..r  difr«r-..o- -.v.U  ..:  n..-  .^i.^i.  .^c-i,MO.i  ...  -h«  i.i..rui,a... 
From  ihe  risht  aaceuaiun  «.l'  Mih  .rih.nua.j     hKiia;»»:.i  ^'\   .4  ^iwui^  ..      ttt-,- 
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146  TO  FIND  TIUS  TIBIE  AT  SEA,  AND  REGULATE  A  WATCH 


EXAMPLE  n. 

Suppose  that  on  April  16,  1820,  sea  account,  in  lat.  48°  ST'  N.  and  lon^. 
66°  W.  the  observed  altitude  of  Aldebaran  when  west  of  the  meridian  was 
22°  25',  and  the  dip  4' ;  required  the  apparent  time  at  the  ship  ? 

H.  Sf.    8.    ' 
By  Table  Vnc.  for  the  year  1820,  R.  As.  Aldeb.        4  25  36    Dec.  16^  8'  N. 
Variation  for  3}  months  1    Var.         0 


Obs.  alt.  Aldeb. 
Dip 

Refraction 

Cor.  alt.  Aldeb. 
Latitude 
Pol.  dist. 

Sum 

}  Sum 

Alt. 

Remainder 


220  25' 
4 


22 

21 
2 

22 
48 
73 

19 

57 
52 

2)145 

8 

72 
22 

34 
19 

Star'g  right  ascension        4  25  37    Dec.  16    8  N. 
*  90 

P.  dist.  73  6^ 


Secant 
Co-sec. 


0.18262 
0.01745 


Co-sine     9.47654 


9.88584 


column  p.  M.  it 


50    15         Sine 

Sum  2)19.56245 

i  Sum  sine 


0.78122    corresponding  to  which,  in  tk9 

4h.  57m.  24s« 
Star's  right  ascension  4    25      37 


9 

23 

1 

1 

34 

12 

7 

48 

49 

4 

24 

Right  ascension  of  the  meridian 
April  16,  sea  account,  is  April  15,  by  N.  A.  when  Ql*8  rt.  as.  noon 

Approximate  time  at  ship 
Long.  66"  W.  in  time 

App.  time  at  Greenwich 
Sun's  right  aseen.     April  15,    Ih.   34m.  12s. 

Aprilie,     1      37       54 

Daily  difference  3      42  the  correction  of  Table  XXXT.  corre- 

sponding is  Im.  53s.  which  being  subtracted  from  the  approximate  time  at  the  ship 

7h.  48'    49^' 


12    12    49 


leaves  the  apparent  time  at  the  ship     7     46     56  P.  M. 

This  method  of  obtaining  the  time  by  the  stars  would  be  accurate  if  a 
good  horizon  could  be  obtained ;  but  as  that  is  not  always  the  case,  it  Is  best 
to  regulate  your  watch  by  the  sun. 

Tb  regulate  a  unUch  hy  equal  aUHvLdes  of  the  aun. 

A  watch  may  be  regulated  on  shore  by  observing  in  the  n>orning  and 
evening  the  times  when  the  sun  is  at  the  same  altitude,*  for  the  middle  be- 
tween these  times  would  be  the  apparent  time  of  noon  by  the  watch  if  the 
declination  of  the  sun  remained  the  same  during  the  observation ;  but  if  the 
declination  varies,  as  is  generally  the  case,  the  apparent  time  of  noon  deter- 
mined in  this  manner  (which  for  distinction  we  shall  call  the  middle  lime) 
must  be  corrected  for  the  change  of  declination  by  an  eqtmtron,  called  the 
equation  ^f  equal  aitUudeSf  and  the  middle  time  thus  corrected  will  be  the 


*  Tbe  iltltudet  shonld  ba  takeq  when  the  aun  viae*  or  falta  fast.  The  bent  tine  fbr  ob.«erTat!nn  l« 
when  the  bMtrIng  of  the  auo  ia  east  or  west.  In  general  two  or  three  hours  rroiii  noon  will  bo  Mffi- 
^^^  Ad  artilMlal  hoiizon,  formed  by  a  vessel  AlleJ  with  mercnry.  may  be  usr<!  in  takiu?  thes# 
iltiiudei. 


150 


LUNAR  OBSERVATIdNS. 


ALDEBARAN. 


«  ^ 


^^ 


About  35**  E.  from  m,  Arietiiy  and  14*  S.  E.  fran  tM 
Pleiades  or  Sereu  Surt,  if  the  bri^t  itar  Aldcbanui. 
Naar  this  »tar,  to  the  wettwardy  are  liz  or  levea  itaiBof 
the  third  or  fourth  magnitude,  forviing  with  Aldebaran  a 
figure  retembling  the  letter  V,  at  is  represented hiihe  ad- 
joined figure,  where  Aldebaran  is  marked  «.  At  the  dis- 
tance oi  23^  from  this  star,  in  a  S.  E.  direction,  are  three 
\'erj  bright  stais,  situated  in  a  straight  line  near  to  each 
other,  forr.iiig  the  belt  of  Orion. 


POLLUX. 


♦— 


REGULUS. 


•* 


*R«rj5ulus. 


SPICA. 


^ 


"n 

« 


At  the  distance  of  45^  from  Aldebaran,  in  the  direc- 
tion of  £  N.  E.  is  the  Star  Pollux,  which  is  a  bright  star^ 
though  not  of  the  first  magnitude.  N.  W.  from  it,  dis- 
tant 5^,  is  the  star  Castor,  of  nearly  tbe  same  magnitude, 
and  you  will  almost  always  sweep  both  at  once;  the 
southernmost  is  the  one  to  be  used. 


E.  by  S.  ^  S.  from  Pollux,  at  the  distance  of  371^,  is 
the  star  Hegulus,  of  the  first  magnitude ;  to  the  north- 
ward of  this  &tar,  (at  the  distance  of  8°)  is  a  star  of  the 
second  magnitude ;  near  to  these  are  five  stars  of  the 
third  magnitude  ;  the  whole  forming  a  cluster  resembling 
a  sickle,  represented  in  the  adjoined  figure,  Regulus  being 
in  the  extremity  of  the  handle.  A  line  drawn  from  th^ 
northern  polar  star,  through  its  pointers,  passes  about  13° 
to  the  eastward  of  Regulus. 


E.  S.  E.  from  Regulus,  at  the  distance  of  54^,  is  the 
star  Spica  of  the  first  magnitude,  with  no  very  bright  star 
near  it :  S.  W.  from  this  star,  at  the  distance  of  about 
16^^,  are  five  stars  of  the  third  or  fourth  magnitude,  situ- 
ated as  in  the  adjoined  figure  ;  the  two  northernmost  of 
these  stars  »,  r,  form  a  straight  line  with  Spica,  and  by 
this  mark  it  may  be  easily  discovered.  A  line  drawn 
from  the  northern  polar  star,  through  the  middle  star  of 
the  tail  of  tbe  Great  Bear,  will  pass  near  to  Spica. 


-        -^«a4 


ANTARRS. 


* 


E.  S.  E.  from  Spica,  at  tbe  distance  of  46  degrees,  is 
the  star  Antares,  in  26  degrees  of  south  declination  ;  it  is 
a  remarkable  star,  of  a  reddish  colour ;  on  each  side  of 
it,  to  the  W.  N.  W.  and  S.  S.  E.  about  2°  distant,  is  a 
star  of  the  third  or  fourth  magnitude,  no  very  bright  star 
being  near. 


AQUILJG. 


* 


N.  E.  from  Antares,  at  the  distance  of  60°  is  the  very 
bright  star  «  Aquile;  N.  N.  W.  from  which,  at  S°  dis- 
tance, is  a  star  of  the  third  magnitude,  and  S.  S.  C.  at 
3°  distance,  another  star  of  a  lesser  magnitude.  These 
three  stars  appear  nearly  in  a  straight  line.  The  star  n 
Aquile  is  nearly  of  the  same  colour  as  Antares. 


FOMALHAUT. 


S.  E.  from  «  Aqullss,  at  the  distance  of  60°,  is  the  star 
Fomalhaut,  which  is  a  bright  star  of  high  southern  de- 
clination, its  altitude  in  northern  latitudes  being  small, 
never  exceeding  80°  in  the  latitude  of  40°  N.  This  star 
bears  nearly  south  from  the  star  tt  Fegasi,  distant  45  de- 
grees. A  line  drawn  from  the  pointers,  through  the  north- 
em  polar  star,  and  continued  to  the  opposite  meridian^ 
trill  p«ki  very  near  to  a  Fegasi  and  FomaUiaut. 


LUNAR  OBSERVATIONS. 


lltij 


To  find  the  true  distance. 


o    I 
47  84 


^App.AH.  50  31 
2)  App.  Alt  70  47 


Sttni . 

l-SSnm 
AnklMst 


168  52 


MS6 
49  34 


Sine 


Col.  1st. 

astisi 


2  Rem.3S»55'  Co-ee  0.2534 
i:iem.S6  52  Sec    04)969 

Table  XVU.  log.    1.8676 


1  Cor.  1'  29"  P.  I.     2.0860  2  Oor.  7'  SO"  P.  L. 


Api>.Dfst.less2<a45 


Col.  2d. 
isame  9.^81 
same        a2d34 

1-2  Sum  840  26'  Sec  1j0132  Table  XULt 
Table  XIX.  log.*        .V!269|cor.  I. 


Table  XVH. 


Lpp. 
rabli 


Cor.  2. 


1.36l6)Table  XX. 
True  distance 


33  48 
^  14 

42  08 

1  2H 

«       7  50 

20 

47  24  4'» 


Ist  Raa.       36  52 


1-8  Sum         34  26 
9|(  App.  Alt  50  31 

<U.E«in.        33  bH 


To  find  tfie  longUmh' 


True  difllaoce 
Diflt  by  N.  A.  at  Sb. 


47  24  49 
46  56  11 


Oifforenoe 
PistbyN.  A. 

JHfferracc 


atSh. 
at  fib. 


add 


Time  at  Greenwich 
Thneatibtp 

Longitude  in  time 


28  38 

46  56  11 

48  23  59 

1  27  48 

0  58  42 
3 

3  58  42 
12    6 

P.  L.  7981 

p.  L.  3118 

p.  L.  4866 


8    7  ie»121»  49^  E.  from  Greenwich. 
EXAMPLE  II. 


Suppose  tbat  on  the  SMHh  September,  ISSO,  sea  account,  at  7h.  23^  45^S  P.  M.  ap- 
parent time,  in  the  longitude  of  166^  SO'  W.  by  account,  the  observed  distance  of  the 
nearest  limb  of  the  moon  from  the  star  Antares  was  81^  3^  18'',  the  observed  altitude 
of  (he  star  12^  34^,  and  the  observed  altitude  of  the  moon's  lower  limb  20^  26\  Re- 
(joired  the  tme  longitude  ? 

Preparation. 

Sea  account  Sept.  20,  is  by  the  N.  A.  Sept  I9d.  7h.  23'  46 ' 
Long.  166»  30*  W.  in  time         1 1      6 


Reduce 

!d  time  Sept 
D  hor.  par. 

19               18   29 
.  Sep.  19,  midn. 
Sept  20,  noon 
Difference 
TaJtiitXL 
J)  hor.  par. 

^  obs.  alt 
45                   sub. 

60  47     ))C  app.  alt 

61  3      D  ob8.altL.L. 

12  34 

4 

2)8.Si8cptl8,inidn.  16  35 

12  30 

8ept.SQ,noon  16  40 

20  26 

TableXL              3 

16                         add 
9     J>  App.  Alt 

IS 

20  38 

Sum                 16  38 
Aug.  TaUe  XV.            5 

60  56    Obs.Dist])  ^N.l 
jjS.D. 

App.Di8t2)  ^ 

L.81  OS  18 
16  43 

j^  a  D.           16  43 

SI  20  01 

•  TUf  Log^Log.  TtaUe  XIX.  2260+Log.*Table  C  9=»32t9. 

t  This  Corr.s:Oorr.  T*blc  XIX  4r  49"+  Corr.  Table  A.  l3"+0oiT.  Table  B.  e"=i42  03 


LUNAE  OBSERVATIONS. 

Tojind  Ike  Imt  Htltmtt. 


1>44'CO-Ma.IS26 


Tmle  XIX.  L<V'*     ■■•■> 

c«.  4*  w  P.  I.  «e» 


Iiln.brN.A.M1) 


DM.  b}tl.A.*t  IDh. 


ma     r.  L.  ijwm; 


1  iS  49        p.  L.     3039 

'     0  E!  tn      p.  I.   >M« 


LDD^ibide  ^ 


1°  A'  w. 


EXAMPLE  in. 

Sappoie  on  April  SStbatSh.  A.  M.  seft  account,  in  the  longilude  of  166°  E.  by  ac- 

counl,  (be  observeil  distance  of  the  moon's  farthetl  limb  from  Aataras  wu  76°  3S'  15", 

(be  obwrvfld  altitude  of  Ihe  star  S3''  34',  the  otmerved  altitude  of  the  mooB'f  lower 

limb  17°  59'.    Required  the  true  longitude  ! 


tut'  T*tK  XV. 
Si>li.}S.D.     I 


i'SH 


itC^AIL  S3    3CIBan.U>»«H(.(L!M3 
^A^A1L  )«    II  tBna.iT>ig-8«c  0.0301 


Aiv- Din- 
To  Jind  Iht  Inie  dattmte. 

Col.  Sdi  e 

•MM  9MM  Afp.   Din.  loi    3- 

Hun         0.3363  ribie  xvn. 

XIX.  lof-t       2«S  '  l^"- 


0«.741"P-I*      t.B33l!Coi 


L.  O-TOn  Tihli  XX. 


rilileSIX.ins+0<>n-TiblcO.S.-l8U. 

■  Tttiyax.  pf  «"+Can.TiUg  A. S"+Coit. TlbleB. S"-* 9". 

Ml*XIXS43a^.OaiT.Tiili.O.  G— MS. 

IUt*ZIX10'l«"+C«ir.TU>.A,32»+C()rr.Tali^D.O'-IO'£l'. 


LUNAR  OBIsERVATIONS. 


T;>7 


To  find  the  true  longitude. 


Trae  distance     76»   00*    45") 
DyN.  A.  distance  at  3h.         76     00    67   J  DiflTerence  O'    0' 

fib.          74     90    58    >  Difference  1    29 

12"      P.  L. 
59       P.L. 

0'24"  P.JL 

^9542 
3011 

Oh. 
add            3 

2.6531 

Time  at  Greenwich                      3 
Time  at  Ship                                 14 

0  24 

Difference  is  long,  in  time  10   59  S6:«164«  54'  E.  firom  Greenwiek 

EXAMPLE  IV 

SappoM  that  on  the  Slst  October,  sea  account,  at  about  lb.  P.  M.  in  the  longitude 
of  75^W.  by  account,  the  following  observations  of  the  sun  and  moon  were  taken. 
Baqoired  the  true  longitude  ? 

Pr^aration, 


Time  per  watdu 

Observed  distances 
0  d     N.  L. 

Observed  Alt 

0  L.  L. 

Observed  Alt     I 

])  L.L.     1 

Oh.    58' 

0  59 

1  0 
1        1 
1         1 

5" 

8 
10 

4 
53 

684    43'     49" 
43      18 
42      47 
42      20 
41      56 

45'*     67' 
52 
48 
44 
39 

17<»     18' 
17         9 
16      69 
16      48 
16      36 

5)    5        0 

20 

14      10 

240 

84      50 

1         0 
App.ti]ne 

4 

68      42      50 

0S.D.    16        9 
)  S.D.    14     53 

45      48 
add              12 

16      58 
add              12 

69      13      52 
App.Dist. 

46       0 
App.  Alt.  0 

17      10 
App.  Ah.  D 

Sea  aeeouiut  31  Oct  or  N.  A.  Oct  90d.    Ih.   0'    4' 
Long.  75"  W 5 


Redoced  time  Oct 

D  8.  D.  Oct  30,  noon  14'  50" 

midnight    14   48 


30d.    6h.  nearlsp;. 

])  Hor.  Par.  Oct  90,  noon  54'  21" 
midn.  54  13 


Difference 
Table  XI. 


Aug*  TaUe  XV. 
2)6.D. 


2 
1 


14    49 

4 

14    53 


Difference 
Table  XL 

T\  Hor.  Par. 


8 
4 


54    17 


To  find  the  true  dutanee. 


App.Dist     69    14 

0Ap.Alt  46 
DAp.Alt   17    10 


Sim 
l>2  8iim 
1  Bern. 
2Rcm. 


3     S 
20    12 


Sine  9.9708 

2  Rem.20B  i2'Co.«  0.46 1 8 
I  Rem.  3     2  Sec  0X)006 

Table  XVUL  log.  1.8848 

132    24 
66    l2lOor.52"P.L. 


2.3180 


9L9708 
a4618 


Table  XVm. 
TkbleXIXt 

1  Cor. 

2  Cor. 

2  Oor.  15'  14"  P.  L.  IjOIM  Table  XX. 


same 
1-2  Sum  66 12  See.  0l9O41 

Table  XIX  log.*       24571 


App.  Dist  lest  SbOT    is  Se 


True  distance 


m  11 

fo  as 

at 
n  14 

22 
68    40   23 


*  TUB  Iog.«iLog.  TU>.XIX.2454+Cor.  Tab.  0.  8-3457. 

t  Tbto  Corr.»Corr.Tab.  XIX.  tO*  I2"+Oorr.  Tib.  Ap  40"+Carr.  T*b.  B.0"-10'  52' . 


XiK 


lAJhAB 


\:*.y.: 


lA'ATlOKB. 


i»v>./^iAtf:.aiCi! 


M*'    4lt     »t 
bh      40 
e7       Ij 


Tv  JMikt  irm  imgkwii 


<»    •'    P.JL. 

21  le  r.L. 


^d 


I 


llf         X  •  ^tf"  4Bal^VVZ 


•tOna 

TiiHt  ax  Shif) 


6 
] 


(i 

0 


IS 

4 


•  tlitUM: 


£     0     bx^Sb  S  W.fnm 


EXAMPLE  V. 

bttivMielbat'OttllM;  Mh Mftj.  1820, Mft  «»ecMiiit, at abont  4Ai.4'P.ll 
mdeof  au    I  S.«adkitbel(MiiitHdeof  ]>  £.  by  aocoat  the  iJaUmriiig 
of  the  buu  or  JAmmi  w«re  lafarfi     Ifceqaired  tiK  trae  ''■^■'— >**  r 


IDliKliti- 


6«i 


G^bladMLtfAWe 


1    OlMnwd  Xlift. 
©  ([     N.  L. 

0  L.L. 

^^U.K 

101<.    42  »5 
41    SO 
4D   IS 

14*    fS* 

i£     4b 

41*    M' 

M 
4 

8>  ta4    ?7 

4C         . 

K 

1^       41    1» 

16      31 
—        5 

41      S 
+        « 

_        lUl      41    SK 
0    £.  i;.     Id   £8 

16     ii; 

add             12 

41      4D 

ice    td  as 

15     ao 
0  App  Ah. 

41      » 

#  iiidiuiCbt  It    t 

XvMelU.    .    '    ' 


ftCCMWt,|Uy6,vV-A.flq^4d.  4k.  4 


ttqr  4d.4b. 
t^   Hor.fttf. 


JDMBDUttfU  WW       96 


9 
1 


AivTaUcSV' 
}f    JJ.D. 


IC     4 

10 


S 


5B     51 


M   14 

Tg  faid  ike  irw  UdmifK. 


StiSr; 


lA^AIt  41  Ml  ««».»«  6*c-    <M860il-S(BiHi9»»«'B«.a740T 

^  JraMirXV/itloK.    J^a^T'TatalrXELIflC 

{K«B       %  WCcr-  «^  4»'  P- 1-     l^4frM/4(  Cw.  l^'  12"  r.  L.    -9720 


8.W00  Ap^ 
OJOMBlTll 

CJokt  XDL 


I 


in.  Cor. 
ad.C«r. 
Table  XX. 


2alO0     IS    S2 
36    45 

16    35 
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LUNAR  OBSERVATIONS- 


n^ 


0  Correct  Altitude*  15«    27 

Lat  of  8hip  30 

Polar  distancet         106 


Sam 


To  find  the  apparent  time  and  true  longitude- 

True  distance  101«  62f    » 

ByN.A.distat3h.   102     25     6 

Difference 


1    Secant        0.06254 
4    Oo-secant    OiOlTSO 


151      32 


Half  Sum  75 

Half  Sum— Altitude   60 


46    Co-«iae 
19    Bine 


9.39071 
9.93891 


Bum  2)19.40946 

Apparent  time  4h.9  S2f'         Sine  9.70473 


33     3      P.i.       1S€1 


ByN.A.di8tat3h.    102     25      6 
611.    100     47     39 


Difference 


add 

Tbne  at  Greenwidi 
Tloie  at  Ship 
LongHode  intfane 


37     27     P.  I.       2665 


Ih.    1' 
3 


3" 


P.L.      4t» 


r    T 


4      1     3 
4      3   32 

2  S9«-0*  ST^B^frnm 


EXAMPLE  VI. 

Suppose  that  on  the  8th  of  February,  1820,  sea  account,  at  about  8h.  36'  A.  M.  in 
the  longitude  of  21^  W.  from  Greenwich  b^  account,  six  distances  of  the  sun  and 
moon's  nearest  limbs  were  observed  by  a  circle  of  reflection  to  be  464^  10'  IS"  the 
corresponding  times  and  altitudes  being  as  in  the  following  Table.  Required  the  tnia 
longitude  ? 

Preparation, 


i^parent  time  per 
watdi)  A.1I. 

Observed   distance 

0  ([     N.  L. 

Obsenred  Alt. 

0  L.  L. 

Obsenred  Alt 

D  U.L. 

8b.    S3'    24" 

34  36 

35  18 

36  36 

37  4 
39       2 

Sum  of  tbe  dis- 
tances    taken 
ft-dm    the  cir- 
cle at  tbe  end 
of  the   obaer- 
▼ations. 

34*      I' 
34      18 
34      21 
34      31 

34  39 

35  3 

61*     47' 
61      35 
61       27 
61       17 
61        9 
60      45 

6)            36       0 

464°    10'    12" 

206      48 

368       0 

8       36       0 
App.  time 

77      21      42 

0  8.  D.    16      14 
2^  8.  D.    15     56 

34      28 
add              12 

61      20 
tub.             20 

77      53     52 
App.  Dist. 

34      40 
0App.  Alt 

61        0 
3)  App.  Alt 

Feb.  8,  sea  account,  or  by  N.  A.    Feb. 
Long.  2i«»  W 


7d.    20h.    SC' 
1      24 


Reduced  time       Feb.        7d.     22h. 


D  's  S.  D.  Feb.  7,  midnight 
F^  8,  noon 

Difference 
Table  XI. 


Aug.  Tab.  XV. 
2)  '8  S.  D. 


15-  36" 
15  43 

7 
6 

15   42 
14 


})  '8  Ilor  Par.  Feb.  7,  midnight 
Feb.  8,  noon 

Difference 
TaUeXI. 


17    54 


App.  Dist 

0Ap.Alt  34    40 
])  Ap.  Alt  61      '^ 


2Rem.S2«'  7'  Co-sc  0.1028 
1  Hem.   8  53  Sec.    0.0052 


Sum 
1-2  Sam 
IttRem. 
2d.  Bern. 


173    34 


Sine 


15  56 
To  find  the  true  distance, 

9.9902 


86    47 1  Cor.  2'  26"  P.  L.     1.8684|2  Cor.  5'  7"  P.  L. 

8    53 
52      7 


same 

same        0.1028 
1-2  sum  860  47  Sec.  1.2509 


Tab.  XVIII.  Log.      1.770S|Table  XIX.  Log^.       2026 

1.5464 


51'    > 

a  St 

S3 


^'sHor.  Par.  St  » 


9.9902]  Ap.  Diit  less  %*'& 

Table  XVm. 
Table  XIX^ 
Ist  Cor. 

2d.  Cor. 
Table  XX. 

Tlrve  diataBce 


M  at 

BB    44 

«    20 
2    26 

6     7 
18 

77  38  47 


*  The  correct  altitude  b  found  by  subtracting  the  refraction  3^  from  the  apparent  altttnde  16*  W. 
t  The  Polar  Distance  is  found  by  adding  the  Declination  16^  4'  N.  (corresponding  to  tbA 
time)  to  90O. 
X  This  log.^'Log.  Tab.  XIX.  2016^LoK.Tab.  C.  Q»2DQ5. 

^  Thi*  Corr.*Co.T.  Table  XIX.  82'  7"4-Corr.Tab.  A^  \^'  -\-CoTt.t«3h.'ft»^'— ^  *»•' . 
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LUNAR   OBSERVATIONS.  iui 

£XAMPL£ — (the  same  as  Example  I.  preceding.) 
Suppose  the  apparent  distance  of  the  centre  of  the  moon  from  the  star  Aldebaran 
was  47<^  33^  48'^  the  apparent  altitude  of  the  star^dO^  31^  the  apparent  altitude  of 
the  moon's  centre  70°  47^  and  the  proportional  logarithm  of  the  moon's  horisontal 
parallax  5199.    Bequired  the  true  distance  of  the  moon  from  the  star  ?  ^ 

^  90*    0"       .  90«    0*        Hor.  Par.  p.  Log.  10iil99 

DApp.Alt.    70   47      ^Ap.AIt.    £0    31  j)  Z.  D.  IS^  IS*  Sine        9l5174         ^ReGr»c.47:' 

^ZcifeDist    19    13      ^Zeii.I>i8t  39   29  irM"P.L.       1.0025 

1^  Refiractioo  20 

Cor.  J)  Alt.  17    34 

App.  JMst.  479  34'    Constant  log.  9.6990 

iZen.BisL     19    13     1.2Sam5S«    8' Cosec  10.0969 

^Zen.  DiBt      39   29     Dist       47    34  Sine  9.8681 

Sum  106    16     Resenred  Log.  <       a6640      Reserred  Log-  a.6640 

1^  Sum  53     8      *  ^^^  ^^^  ^^  ^  ^^^  ^-^^        D  ^«°*  ^^^  ^3"  13'  Sine  16174 

^  Zen.  Dist     19    13     l  Rem.  33  55  Co-sec  0.2534      2d.  Rem.  IS  39  Co-sec.      a627l 

1st  Rem.  33    55       5|^Cor.0'47"P.L.  2.3613         ])  Cor.  17' 34"  P.  I.  1.0106 

Halfsttia          53     8     icor.  129P.L.                          2.0821       2d.  Cor.  27  18  P.  L.         a8i9i 
:iiCZen.Dift     39    29  . 

Sd.  Rem.  13   39  Apparent  distance  47o  33^    48 ' 

Ajj     ( First  Correction  l     29 

•^"°    (Cor.  ])Alt  17    34 


fl..K     52d.  Cor.  27'  18"  > 
S"^-    i  Cor.  5^^  Alt  47  $ 


47    62 
28 

61 
5 

47    24 

4t> 

t 

Corrected  distance 
".  79"*  Correction  Table  XS- 

True  distance  47    24    47  difleiing  2"  from  tbe  runner ' 

method. 

We  shall  now  give  a  third  method  of  correcting  the  apparent  distance,  being  an  im- 
provement on  Witcheirs  method,  which  was  published  in  the  former  edition  of  this 
work.  Thb  improvement  was  made  in  consequence  of  a  suggestion  from  a  gentle- 
man eminently  distingu'ished  for  his  mathematical  acquirements  f  that,  by  a  small 
variation  in  the  calculation,  the  number  of  cases  might  be  lessened:  aud,  upon  exami- 
nation, it  was  found  that  by  making  other  alterations,  the  number  of  cases  might  be 
farther  decreased,  and  the  manner  of  applying  the  corrections  rendered  more  simple. 
The  method  thus  improved  is  as  follows. 

Third  method  of  finding  the  true  dittance  of  the  Moon  from  the  Sun  or  Star, 

From  the  Sun's  refraction  Cfable  XII.)  take  bis  parallax  in  altitude  (Table  XIV.)  the 
remainder  will  be  the  correction  of  the  sun's  altitude. 

The  Star's  refraction  is  the  correction  of  its  altitude. 

From  the  proportional  logarithm  of  the  moon's  horizontal  parallax,  increasing  the 
index  by  10,  take  the  co-sine  of  the  moon's  apparent  altitude  (Table  XXVII.)  the  re- 
mainder will  be  the  proportional  logarithm  of  the  moon's  parallax  in  altitude ;  from 
which,  subtracting  the  moon's  refraction  (Table  XII.)  the  remainder  will  be  the  cor- 
rection of  the  moon's  altitude.t 

1.  Add  together  the  apparent  altitudes  of  the  moon  and  sun  (or  star)  and  take  the 
half  sum,  subtract  the  lesser  altitude  from  the  greater,  and  take  the  half  dHfcreuce ; 
then  add  together 

The  tangent  of  the  half  sum. 

Hie  co-tangent  of  the  half  difference, 

The  tangent  of  half  the  apparent  distance. 

The  sum  rejecting  20  in  the  index  will  be  the  tangent  of  the  angle  A,  which  must 
be  sought  for  in  Table  XXVII.  and  taken  out  less  than  90^  when  the  sun's  altitude  is 
less  than  the  moon's,  otherwise  greater  than  00^4    The  difference  of  the  aiTgle  A, 
^~-— ^— ^-^— — ^— ^~-^— ^— — — — ^^— ■ — ■ —  I  I 

*  The  late  Chief  Justice  Parsons. 

t  These  corrections  may  be  found  by  Tables  XVII.  XVUI.  XIX.  as  was  shown  in  the  note  to  tlM 
second  metliod,  pag;e  160. 
;  Evciy  co'tangcnt  in  Table  XXVII.  corresponds  to  two  an«\«s^  ou%  ^li^Vct  \}KMv'3Rr-  ^^<i<a.>5QKt>»ft 
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BY  LOGARltHMS. 
To  find  tht  angle  CBD. 


B7  Tb6o>  l^a  TriC- 
Divide  the  triansle  BCD  into  two  right-angled 
triangles  l>y  means  of  the  perpendicular  C  A,  and 
bisect  BD  in  a,  then 

A I  the  bane  BD  400  ar.jco.  7.39794 

Is  to  the  sum  of  BC.  CD,  75a7       S.1'7547 

So  in  diiT.  of  BC,  CD,  ldO.7       2  1781 1 


To  twice  A  a 

Half  or  A  a 
i  BD.-^Ba= 


S8-.'.8    '^^.45162 


141. 4 
;;oo 


DiiT.  is  BA  58.6 

Then  in  the  triangle  ACB. 
As  hypot.  DC  300 
Is  to  radius  ^{f> 
lo  is  AB  58-6 

To  co-fine  CBD  78©  44' 

As  the  anfile  CBD  is  78^44' 
is  E.  by  N.  the  course  from  B 
being  vv.by  S.  orW  11^15' 
C  from  D  must  be  W.  £9®  SO" 


3  47713 

lO.OOrXX) 

1.76790 

9.29078 


By  Theo.  V.  Trie. 
CD=4W.7 
BD=^00 
ECzzriOO 


Log.  ar.  CO. 
.  Log.  ar.  CO. 


Sum  n5a7 

i  Sum  bn  35 
A  sum  less  CD    194-65 

Ualf8um390  22' 

2 


log. 

Sum 
Co-sine 


7.39794 
7.52388 


3.759m 
2.09569 

Hi. 

19.776U 
9.888a 


Doubled  is  78  443=Angle  CBD.     Having  fottod 
this  angle,  we  may  find  either  of  the  others  thua. 

To  and  the  angle  CDB. 
As  CD  450.7  ar.  CO.  7  346 1 1 

Is  to  Riue  CBD  78^  44'  9.98I&5 

So  is  BC  300  2  47712 


-V 


Te  Biae  CDB  4C0  45'  9.81478 

or  7  points  nearly,  and  the  course  from  B  to  D 
to  C  must  be  north.    The  course  from  D  to  B 
S.  and  the  angle  BDC  =40^  45'  the  bearing  of 
N   because  40*^  45'— 11°  15'=29°  30'. 

PROBLEM  VI. 

Coasting  along  shore,  I  saw  two  headlands,  the  first  hore  fiom  me  JV*.  JG. 
the  second  £.  A*  E.— after  sailinir  £.  by  S.  10  mtlest  the  first  bore  JV.  by  E. 
and  the  second' J^,  E,  by  A". — required  the  bearing  of  the  tteo  headlands  from 
each  other^  and  their  distance  ? 

Draw  the  compass 
NES  W,  and  let  its  cen- 
tre A  represent  the  place 
of  the  ship  at  the  first 
station,  draw  the  E.  by 
S.  line  AB:=10  miles, 
and  B  will  be  the  place 
of  the  ship  at  the  second 
station  ;  draw  the  N.  E. 
line  AC,  and  the  E.N.E. 
line  AD;  through  the 
point  B  draw  the  Ihies 
B0»  BD  parallel  to  the 
N.  by  E.  and  N.  E.  by  J 
]V.  lines,  and  the  points  ^1'': 
C  and  D  where  the}  in- 
tersect the  lines  drawn 
from  A  to  the  same 
headlands  will  be  the 
points  rrpresentjng  them 
respectively;  join  the 
points  C  and  D ;— -then  will  CD  be  the  distance  of  the  two  headlands,  and  a 
hne  drawn  through  A  parallel  to  CD  will  represent  the  bearing  of  those 
places  from  each  other  on  the  compass. 


BY  LOGARITHMS. 

In  the  triangle  A  PC,  we  have  all  the  angles  anc? 
the  side  A  B  to  find  HC.  For  t lie  bearings  of  B 
and  C  from  A  are  E.  hy  S.  and  N  E.  the  differ- 
ence being  5  points=B AC ;  and  the  hearings  of  B 
and  A  from  C,  are  S.  by  W.  and  S.  W.  the  differ^ 
ence  being  3  polo's  equal  to  the  angle  ACB. 

T*  f-ud  the  side  BC. 
A 9  sine  of  ACB  3  pta.  ar.  co.  0.25526 

Is  to  the  side  AB  10  ]  ofltiOO 

80  is  sine  angle  BAC  5  pts.  9.91985 


To  BC  14.97 


In  the  triangle  ABD.  we  have  all  the  angles  and 
the  Hide  A B  to  find  BD.  For  the  bearings  of  B 
and  A  from  D.  are  8.  W.  by  S.  and  W.  S.  W.  tho 
dificrence  beings  points=:BDA;  nnd  Ihr  hear- 
ings of  B  and  D  from  A,  ar^  E.by  S.  and  E.N.E. 
the  difference  being  also  3  |>ointa.  equal  to  the 
angle  BAD;  therefore  the  ^ngle  BAD=BDA, 
andY^^arf.  S9Geom.)  BD=AB=10  mileii.  If 
ther^  angles  had  not  been  equal,  we  might  have 
c2*lcaUted  the  side  BD  in  the  same  manner  as 
BC. 


i.nsw 


s  vji  T^  M  jr  J-  2r  &. 


186  SURFETIN6. 

aochor.  ^and  the  direction  it  to  be  represented  bj  ^  arrow.  Put  in  a  com- 
pass and  a  scale  of  miles  or  leases  such  as  the  ressePs  run  was  laid  down 
by  -  »dd  the  name  of  the  place,  and  the  latitude  and  longitude  as  true  u  can 
be  obtained. 

if  ih»  re  are  shoals  or  sands  on  the  coast,  let  them  be  taken  in  a  boat,  sail- 
ing piund  them,  keeping  account  of  the  courses,  distances,  and  soundings.* 
B*.  t  to  put  them  in  the  draught,  the  obderrer  in  the  boat  must  take  the 
beari '];;:«  of  two  points  on  the  coast,  (the  bearings  of  which  hare  been  taken 
from  I  tie  ship)  from  some  part  of  each  sand  or  shoal,  so  sailed  round;  or, 
th-  l^earin^  of  the  boat  at  some  part  of  th^  shoal,  or  of  some  beacon  in  that 
plitce.  nlu^t  be  taken  by  the  ship  at  each  of  the  stations  where  the  bearings 
of  the  sh(»re  wen:  taken  from  the  ship;  for  bj  either  of  these  means,  one 
pfiiiit  of  the  sand  being  obtained,  the  rest  of  it  can  be  laid  down  from  the  ob- 
serve, t  kid  b  taken  in  the  boat.  Kockj  shoals  may  be  marked  on  the  chart, 
as  iij  Pidte  XI.  fig.  11,  and  sand  banks  as  in  fig.  10. 

I  r  tbf  cuasft  to  be  drawn  is  a  bay  or  harbour  wioding  in  such  manner  that 
ail  i:>  parte  cannot  be  seen  at  two  stations,  let  a:>  many  bases  or  lines  be  run 
and  rueasured  exactly  as  may  be  foui^d  necessary-,  observing  that  the  several 
dibtaoce^  run  should  join  to  one  another,  la  the  nature  of  a  traTerse ;  that 
each  new  set  of  objects,  or  points  observed,  should  be  taken  from  two  sta- 
tions at  tbr'  ends  of  a  known  distance,  and  that  the  objects  whose  bearings 
are  tiskeo  du  not  so  much  extend  beyond  the  limits  of  the  base  as  to  make 
angl^^  with  i*  less  than  about  |  or  |  ot  a  point,  but  rather  reserve  suchobjecta 
for  Xhtr  ri«xi  measured  base  line:  fur  when  lines  lie  very  obliquely  to  one 
another.,  their  intersections  are  not  ea»)y  ascertained. 

If  ai;y  part'tcular  parts  uf  the  harbour  cannot  be  conveniently  seen  from 
either  of  The  stations,  take  the  boat  into  those  places,  and  having  well  ex- 
amined ihi*  ra.  make  sketches  thereof,  estinuting  the  lengths  and  breadths 
of  the  be  vera)  Inle::.  either  by  the  rowing  or  sailing  of  the  buat,  take  as  many 
baring B,  boundings.  and  other  notes,  as  may  be  thocght  necessary ;  then 
annex  these  particular  views  ii  their  proper  places,  in  the  general  draught. 

Jf  there  are  »ny  dangerous  sands  or  rocks,  besides  inserting  them  in  their 
proper  places,  you  must  see  if  there  be  any  tno  objects  arihore  (such  as  a 
chun-L.  mill,  house,  noted  cli£  k^r.)  which  appear  in  the  same  right  line 
when  on  Uie  bhfi»l :  and  these  objects  must  be  noted  on  yonr  chart.  If  none 
can  btf  found,  you  must  take  th**  bearings  of  some  remarkable  points,  and 
note  them  on  your  chat :  by  which  means  il  will  be  known  how  to  avmd 
the  danger. 

It  should  be  remarked  in  the  draught  the  kind  of  bottom  obtained  in 
sounding,  wheth(*r  mud.  sand,  shells,  coral,  rocky  ground.  &«. :  and  where 
there  is  good  anchorage  draw  the  figure  of  an  anchor.  Also,  if  there  is  any 
particular  channel  more  convenient  than  another,  it  is  to  be  pcnnted  out  by 
Dues  drawn  to  its  entrance  from  two  or  more  noted  marks  ashore. 

The  positions  of  objects  taken  by  a  magnetic  compass  being  liable  to  great 
■Dcertainties,  as  is  well  known  to  those  who  have  nad  any  experience,  es- 
pecially at  sea :  it  has  therefore  been  recommended  to  observe  only  the 
bearings  of  the  station. fines  by  the  compass,  and  then  measure  the  angles 
which  the  other  objects  make  with  these  lines,  by  a  quadrant  or  sextantj 
which  for  this  purpose  mu<t  be  held  in  an  horizontal  position. 

EXAMPLE  I.    {See  fig.  1,  Plate  X.^ 

Soppose  a  ship  at  A  observes  the  bearings  of  the  most  remarkable  point 
of  abay,  C,  D,  E,  F,G,  H,  and  I,  and  sails  S.  64''  £.  U  miles  to  B;  at  B 


*  It  it  difficult  to  asccrtaia  correctly  the  coarsef  and  distances  sailed  by  the  boat. 
on  account  of  the  currents  aad  other  causes-     Tbis  incoDTenience  mav  be  obviated 

m 

if  the  ship  ba^t  anchor,  and  not  far  from  the  boat,  by  observing  in  ihe  boat  the 
baariDg«irtb0  ship  bf  conpaaity  awi  by  Meaiuriogy  with  a  quadrant,  the  angle  con- 
tained betveen  the  top-gallant-mart  head,  and  that  part  of  the  ship  vhich  is  at  the 
ama  height  as  the  eye  of  the  obwrver ;  for  by  this  angle  the  distance  of  tbc  kca: 
Itmm  Ike  ibip  may  be  dctcroinedy  as  viU  be  explained  in  this  voi k. 
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SURVEYING.  log 

Uone)  bring  the  object  in  a  range  ivith  another  rcmMikable  object,  and  by 
this  means  you  will  avoid  the  error  wliich  ini^ht  arise  from  the  use  of  a  com- 
pass. 

For  an  example  of  this  method,  suppdse  that  a  survey  of  the  small  islands 
A,  K,  K,  (Plate  XI.  fig.  3)  and  the  larg*'  one  C'HU  li:ul  been  taken  and  plot- 
ted off  as  in  the  tigore.  Then  soundings  may  be  lakon  in  tlie  direeliou  BCD 
by  bringing  the  small  island  B  in  a  range  with  the  southern  part  of  the  great 
island,  and  measuring  the  angle  CDG  formed  by  the  extremes  of  the  great 
island  ;  or  by  keeping  the  small  island  A  to  range  with  the  northern  part  of 
the  great  island,  and  measuring  the  angle  HIK  formed  by  the  northern  ex- 
treme of  tiiat  island,  and  the  small  island  K;  or  by  running  in  the  direction 
KL  so  as  to  keep  the  island  K  to  bear  VV.  ^  S.  and  measuring  the  angle 
formed  by  that  island  and  the  northern  extreme  of  the  great  island,  Sec. 

The  method  I  have  generally  used  for  plotting  off  such  ans;les  is  by  means 
4)f  a  sector ;  and  as  that  instrument  is  more  easily  procured  than  others  bet- 
ter adapted  to  the  purpose^  I  shall  explain  the  method  by  showing  how  the 
angle  CDG,  measured  as  above,  may  be  phitted  off  so  as  to  dc-tcrmine  the 
point  D  where  that  angular  distance  was  observed.  To  do  this,  yrn  must 
draw  the  line  DC,  and  open  the  sector  till  the  two  legs  form  with  eacli  other 
an  angle  equal  to  the  observed  angle  CD(t,  then  slide  one  leg  of  the  sector 
jun  the  line  DC  till  the  other  leg  touches  the  uoitliern  e\tr<;me  of  the  island 
at  the  point  G,  and  the  point  din!Ctly  under  the  centre  of  the  joint  of  the  sec- 
tor will  be  the  |>oint  of  observation  ;  as  this  point  cannot  be  exactly  marked 
on  account  of  the  size  of  the  joint  of  the  iiistrument,  you  may  mark  with  a 
pencil  on  the  line  DC  the  two  points  where  the  cireuinfercnce  of  the  joint 
touches  that  line,  and  note  tiie  bounding  in  the  middle  between  those  two 
marks. 

If  a  quadrant  of  a  circle  be  described  on  a  piece  of  paper,  with  a  radius 
equal  in  length  to  one  of  the  legs  of  i\w  Hector,  and  then  divided  info  {^0% 
the  sector  may,  by  means  of  that  quadrant,  be  opened  to  any  angle  in  a 
very  expeditious  manner. 

This  method  of  obtaining  distances  when  sounding,  I  have  frequently  used 
with  success. 

To  reduce  soundings  taken  at  any  time  of  Iht  tide  to  low  water* 
The  soundings  at  low  w^ater  are  always  to  be  marked  on  a  chart,  and  if 
they  are  taken  at  any  other  time  of  tiie  tide,  a  proper  allowance  must  be 
made  to  reduce  them  to  low  water.  This  allowance  may  be  made  if  the 
whole  vertical  rise  of  the  tide  from  low  to  high  water  be  known,  and  the 
time  of  high  and  low  water,  as  in  the  following  example. 

Suppose  the  vertical  rise  of  tide  from  low  t(»  iiigh  water,  to  be  10  feet,  the 
time  of  low  water  oh.  A.  M.  and  the  time  of  high  w:ater  lib.  30m.  A.  M. ; 
required  the  allowance  to  be  made  on  an  observation  taken  at  {>  A.  M.  ? 

Drawn  the  line  AC  (Plate  XI.  fig.  5)  and  make  it  equal  to  the  whole  rise 
of  tlie  tide  10  feet,  taken  from  any  scale  of  equal  parts,  and  divide  the  line 
into  equal  parts  representing  feet,  at  the  points  1,  H,  3,  &lc.  to  10,  the  mark 
10  (corresponding  to  the  whole  rise  of  the  tide)  being  at  the  point  C,  and 
through  these  points  draw  lines  11,  ^,  S3,  kc.  perpendicular  to  AC,  to 
meet  the  circumference  of  a  circle  drawn  on  the  diameter  AC.  Divide  the 
«emi-circumference  ABC  of  that  circle  into  a  number  of  equal  parts  repre- 
senting the  number  of  hours  elapsed  from  low  to  high  water,"^  which  in  this 
case  is  Oh  h.  the  hour  of  low  water  being  marked  at  A,  and  that  of  high|Wa- 
ter  at  C,  the  intermediate  hours  being  marked  in  succession  as  in  the  figure ; 


*  This  division  of  the  s-r mi-circle  may  b«  made  by  meaiisof  aline  ofchonls.  The 
number  of  deforces  corrospunding  lo  one  hour  being  found  by  saying,  as  the  whole 
olapsod  time  from  low  to  hij:h  water  (Hj  horns)  is  lo  100*^'  so  is  one  iuur  lo  the  arch 
corresponding  to  1  hour  27^  42',  which  being  taken  from  a  line  of  chords  and  laid 
r>ffhom  5h.  will  reach  to  6h.  AlTi:. 

C  c 
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cast  and  wpst.  the  liiul  is  to  tI>o  nnrfhward :  thf  ri^t'ore  as  the  winds  on  this 
I'oasi  aiv  C'JUTaliy  hi?;-A».Ti^  tii-o  i-o-lli  .-.iid  W.  S.  \V.  they  are  obliged  to 
stciT  .-.  ^.  r.  ky  .  »u!i,  :,  I'.l  '.\','\\  t!i.''»'  ct)urs-.«=  they  run  OiTthe  shore;  hut 
in  >'•»  doing  they  ai»v.r. .<  .'jul  til*-  v»i.;d  more  'And  more  contr*irj';  so  that, 
thoui^h  wtitMi  inrar  the  sltor*'  tliey  can  lie  south  :  at  a  ^iv:tt  d>^la:ice  they  can 
maki'no  hitter  than  S.  K.  and  afterwards  E.  S.  E.  with  whiuli  couri^esthey 
{;rr.or„lly  fetch  the  ishmd  of  St  Thomas  or  C'apf:  Lopez.  wh»re  finding  the 
winds  t  » the  eastward  uf  the  souili,  they  sail  westerly  with  it.  till  coming  to 
the  latitude  of  I  dfjirees  south,  they  ftnd  the  .:^.  E.  wind  blowing  perpetually. 

On  account  of  the>e  general  windr,  al!  hound  from  Europe  to  the  West 
Indte>:.  or  to  the  southern  states  of  America,  consider  it  must  advantageous 
to  «^"t  a.>  M>nn  a?  they  can  to  the  southward,  that  so  they  may  be  certain  of  a 
fair  :'.r.d  fre>h  ^;de.  to  run  before  it  to  thi'  westward.  For  the  sjinie  rrason, 
tlMMi  honnd  from  Ami'riea  to  Eur«>pe  endeavour  to  gain  the  latitude  of  JO 
lio^Ji'os,  where  lhey1ir>t  tindthenind  hegiii  to  be  variable,  though  the  most 
orJ-.nury  winds  in  the  Xorth  AtKnitic  Ocean  come  between  the  south  and 
nost. 

And  for  the  same  reasons  those  bound  to  India  from  America  run  to  the 
ensfwanl  in  thi'  variibU-  winds,  so  as  to  be  in  the  lonKitndeof  rfj^  or  3.';- AV. 
wh«'.}  in  the  latitude  of  JO^  N.  From  thence  they  s-ieer  south-easterly  lo- 
wa^d^lIlt'  C.'.pe  de  Verds,  passint:  4-  or.'r  to  The  %vestward  of  them,  unless 
Ihey  w|>h  to  .-l'>p  f'.»r  supplies,  or  lo  eorrect  their  lon<:itude.  Being  then  in 
thf  eominon  ronto  iif  the  Enr«»pi:".n  Inii'.amen.  th«y  sletr  >ouli»-easterly  to 
cross  the  equator  between  thf  lurcittiJe  oi  1«;"W.  and  *o"  W.  when*  nuet- 
m^  the  >.  E.  trade  winds,  they  nr.i^  luare  up  and  ?ail  upon  a  wind  tiii  tijey 
Ce:  i:iroi:-'i  inem,  .ind  come  into  tl;e  v;ir:ui^!c  winds.  wh»T»*  tlu-v  inav  sl«  I'V 
lo  tiie  or-.'twaid.  Near  the  ei].iat«T,  the  trade  wind  is  generally  stronger  to 
the  v»-t  stw.:rd  lh.\r.  to  the  «"asiward  :  and  were  it  not  for  l::c  fear  of  falling  \ii 
uiiii  siie  Bra.'.'il  co.isi,  a  ship  might  cro?s  the  line  farther  to  the  westward 
than  \«. !:.;:  we  have  recommended  ahoxc.  Ships  honTiward  bound,  from 
the  (  apt-  of  Crood  Hope  towards  America  may  deviate  a  little  lo  the  wes-- 
ward  of  ;::.■::•  strrti^l.t  co'.ri^e.  and  er'^-^  the  e^pntor  in  ohnul  JO^  W.  longi- 
Uid  -.  \r.  order  to  T.i'ie  ;idv;in:a;:e  of  t'.iis  ftvhjier  trade  wind. 

H-f.-.tt:j  the  southt-rn  latitiides  of  lo=  and  Ji«-  in  the  Indian  Oc€*an,  tliL 
cent  r.'.l  i.-.nie  wind  ;*'>••!::  :•.  E.  i:?  i'ou:id  to  Mow  all  the  year  round,  in  the 
Ssim«"  m  1  nvY  as  i:;  t.i'-  iiK**  Liiltudes  in  the  south  At!.\ntic  Ocean :  and  during 
th»»  s".\  ir.  -itn-.  fr-'iii  M;'V  to  N-'-vrmbtr.  these  winds  reach  to  wirkin  ■-  dc- 
Cret--  of  -lie  rtj  ::it«'r:  bi:t  during  the  oiiu-r  >ix  months,  from  November  lo 
M.tv.  \  N.  W.  w'  -J-  c:i!''.-l  tKr  I'tt^.  -.:.",:>. v.  Mows  in  the  tract  Ivin;:  be- 
twf:  n  the  rd.  *:id  l"!n.  de^rt^e*  of  ^OlJi'l  latitude,  i.!  the  meridian  uf  the 
^  •rrn  « r»d  of  'M;id;  ,:.»=o'»r.  :rui  b. '."J^i-e:!  the  Cd.  and  t-T;h.  degrt-es  o(  south 
LitJ;  i  !-.  r-Tir  l'".e  i-'-clturli  t-f  ^::m^.t^.^  and  J.i\a. 

I  ■  ''.'■  l:..*.t  Stf.v.  t  n  5*.;:r..itraand  thv  Af:ic.in  coa*.t,  nnd  from  £^ of  south 
! .:::  .:•  .  c  ;:>•  norl:r»v.,rd  :«•  ii-«e  \siaiic  ''must.  iac!  dir.j:  t!ie  Arabian  Sea  and 
ihv  V'.y  .'t"  F.t  rz  i'.  I'.v  iT:.'r^»i»r.f  bl-ttv  from  Oct-'b'T  to  April  vn  tlie  N.  E. 
a.-...i  :'.  .'-i  \p-i  :m  Oc'.mS*  r  ovi  T*^-  *^.  W.  In  the  former  iialf  y»-ar.  the  wind 
is  :r. --.^  s:-  -.dy  :•.!  d  oiit't.  ar.d  Tre  weather  cleartr  liian  in  the  hater  six 
ni.-  ::•:«.  i  -  '-.v  U»  i  ^•■.•.  i:u  w'  c?<  b'ow  i-.eailv  nine  ir.onihs  of  ih»»  vi  ar 
froin  !  0  -Yit'iw-r.l.  !:"i  :  ;*,  f  .  ,:i  '-i^.  *t  In  Mav.  ar.d  t:ie  rt>t  of  \\w  vear 
from  :'..  N.  ::r  :  N.  N.  ^^'.  v.  ;•  *  ;  i-.d  •.  d  ?•  i  ''n-r/.t-s.  In  tht-  Gulf  of  Fer^ia 
t:>"»  N.  W.  wi'.d  ^!ou^  from  Oc:««:»*r  :^  Jt.v,  -!:d  about  three  mo:::h>  from 
t'ie  o.:.  •^i:l»  ,.  •  :r:er.  Tl.-*'  wi/u-^  r.  i:c  often  :nternipled  bv  jialts  fr^ni 
l-;.-<.W     :..:  ?  y  la:  d 't.-  7.  ?. 

Hv-'.v.-.  1  : -.  ;.!-rs  i  o:'  >I  .  !'-:.*c-ir  -•  d  t'.ie  coast  of  Afriea.  ar.d  t!:»'oe 
ri-T!'.""  '.:  \  A<  '>.-  ri*  :•"••  .  .v.  iior.  r'.urv  :-  i  traot.  wherein.  fro:"!i  Vpril  to  tV- 
»-^b-  r. !  '. :.  is  ft  -■  -aJiy  '-.  \  S.  V. .  %\'  ,].  :»:>»1  ->  coMrary  wind  the  rist  oi"  :l:e 
Vi-.--.  i\':h  Tr  ^'  ]\r  h4:*.d  -rd  sea  l-r  •  :••>  on  both  coafls. 

To  tlic  '^  i?iward  of  Sumatrii  and  Malacca,  on  the  north  of  the  cojuator. 
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and  :*long  ihc  couats  oi  Cambodia  and  ('hinn.  quite  through  the  Phillippim'S 
as  far  as  Japan,  the  monsoons  blow  N.  E.  and  S.  VV.  the  N.  E.  setting  in 
about  October  or  November,  and  f  lie  S.  W.  about  May. 

]Ji:twoen  Sumatra  and  Java  to  the  went,  and  New-Guinea  to  the  cast,  there 
an;  regular  monsodi.s.  The  N.  W.  monsoon  blows  from  October  to  April, 
the  S.  £.  monsoon  the  rest  of  the  3'ear. 

The  monsoons  do  not  shift  suddenly  from  one  point  of  the  compass  to 
the  opposite ;  in  some  places,  the  time  of  the  change  is  attended  with 
calms,  in  others  by  variable  winds ;  and  it  often  happens,  on  the  shores  oi* 
Coromandel  and  China,  towards  the  end  of  the  monsoons,  that  there  are 
most  violent  storms,  called  'i'uifous,  greatly  resembling  the  hurricanes  in  the 
West  Indies,  wherein  the  wind  is  so  vastly  strong,  that  hardly  any  thing  can 
resist  its  force  ;  for  this  reason  it  is  more  dangerous  to  approach  those  shores 
at  the  time  of  the  breaking  up  of  the  monsoon  than  at  any  other  season  of 
the  year. 

The  land  and  sea  breezes  prevail  principally  between  the  tropics.  The 
sea  breeze  generally  sots  in  about  ten  in  the  forenoon,  and  rontinurs  till 
about  five  or  six  in  the  evening :  at  suven  the  land  breeze  be<;in?,  and  con- 
tinues till  about  eight  in  the  morning.  7'he  cause  of  these  winds  is  this  : — 
during  the  day  the  sea  is  not  so  much  heated  by  the  sun  as  the  land,  nor  so 
much  cooled  at  night.  Hence,  in  the  day  time,  the  coder  air  from  the  sea 
will  rush  towards  the  land  to  supply  the  deficiency  occasioned  by  the  great- 
er rarefaction  of  the  air,  and  ht-nce  arises  the  sea  breeze.  In  like  manner, 
during  the  night,  the  air  at  land,  being  morn  cooled  than  that  at  sea,  will 
therefore  blow  from  the  land  towards  the  sea,  and  hence  occasion  a  land 
breeze. 

A  whirlwind  is  a  dangerous  phenomenon  caused  by  the  adjacent  air,  nish^ 
ing  in  from  all  parts  towards  a  centre  with  great  rapidity,  and  destroying 
every  thing  it  passes  over  in  i(s  progressive  motion.  A  watnr  spout  and 
whirlwind  arise  from  the  same  cause,  the  latter  being  formed  at  land,  is  com- 
posed principally  of  air,  but  the  former  being  formed  at  sea  is  composed  of 
water. 

It  was  first  obserred  by  Doctor  Franklin  that  the  N.  E.  storms  on  the 
coast  of  the  United  States  of  America  frequrntly  begin  earlier  in  the  south- 
ern states  than  in  the  northern.  This  he  acccmnts  for  by  supposing  a  great 
rarefaction  of  air  in  or  near  the  gulph  of  Mexico ;  the  air  rising  thence  has 
its  place  supplied  by  the  next  more  northern,  and  therefore  denser  and  hea- 
vier air;  a  successive  current  i.^  thus  formed,  to  which  the  coast  and  inland 
mountains  give  a  N.  E.  direction. 

Kxperiments  have  been  made  by  several  persons  to  determine  the  velocity 
of  the  wind,  by  observing  the  space  passed  over  by  a  cloud  or  any  light  sub- 
stance, and  liy  other  me.thods  ;  and  it  has  been  £pund  that  the  velocity  of  the 
wind  in  a  violent  gale  is  about  50  or  CO  miles  per  hour. 


TIDES. 

TIDE  is  a  periodical  motion  of  the  water  of  the  sea,  by  which  it  ebbs 
and  flows  twice  a  day.  The  flow  continues  about  6  hours,  during  which 
the  water  gradually  rises  till  it  arrives  to  its  greatest  height ;  then  it  begins 
to  ehb  or  decrease,  and  continues  to  do  so  for  about  6  more,  till  it  has  fallen 
to  nearly  its  former  level ;  then  the  flow  begins  as  before.  When  the  water 
has  attained  its  greatest  height  it  is  said  to  be  high-waltrj  and  when  it  is 
done  falling  it  is  called  low-iOattr. 

The  cause  of  the  tides  is  the  unequal  attraction  of  the  sun  and  moon  upon 
difiercnt  parts  of  the  earth.  For  they  attract  the  parts  of  the  Earth's  sur- 
face nearest  to  them,  with  a  greater  force  than  they  do  its  centric :  and  at- 
tract the  centre  more  than  thc'V  do  the  opposite  surface.  Tt»  rv*.«\.v\\v  vVcCvs 
<i«juilibrium  the  waters  take  a  ?pheroidal  ft^utc,  \N\\o^^Aciw^Ki\  '^"ivs^N^  ^vt^O^^^ 


•  r.\  '.w^  I'll-  alirai'tins  lumi.i.iry.     If  the  moon  «>.:ly  acti;d  upon  inc  waii  r, 
i'!'-  i.ii-  oi"  ii:...i  wiTtM*  \\.»  iM  Ju»  uhcn  tin*  inoi»:i  \%a<  upon  tin*  mrridian. 
\.i.iw   .;•  »vlu.\  'j'.f  liu:-i/.iiii  .  or  r.!l!uT  at  an  ho'ir  or  two  al'i»T.  •l>,fC»iH5e  the 
rti..«'  .  .••»!.:.  •...  -  I. •  .11-1  \\i»li  con-iult-rablf  fiirci' Tor  <om»»  lime  aiu-r  pa  Vinglhc 
i»i  ■    .li."".       f*.  ;i  t:jr'  !.u>»Mi  p.irM'5  tiie  nu-iuliaii  aSiirJT  4i*  latiTevtTV  day  :  oi 
ro»!:  t .  •!'  N  ,  •  »•  .  >   uTfii  n  1  iIk'  liJi'S,  llu-v  woiiUI  Uv  ^^.•!■.ii^it^d  t-v*-- v  dav  49', 
.i:u!  .1  .\.»  J  /  !»•'  :••,;.!     •,!»•.  r  at  ?iif  -.itiu*  ii.>la:K*»«  from  hrr  p.i>?".ii;;  iht*  iiMM'i- 
\h.\  1  ;    M  I  :'  :-    }».»  i  !*»>  pri»r:pU*  llial  the  l:mi'  ot  Wizh  \raiiT  is  i'««!culutcd  in 
::i.»-t  ho.>>^  .•!'     i»i«  ilr.i,  .:K:k>u;;!1  im*  iimo  Ihii*  calo:;l-ilt'd  wiiJ  sunu'times 
k\uX  :    ••'.  :.  •.:•  :'«•  •  n  !::••  isr.iii.  •.»«:;:;:  lo  tin*  iu'i;ifcl  ol'  iho  dt-tiirhin^  ibrce  of 
t:ii-  > :  •.      i  If  i-.'i\-c:  »»f  thf  nK»  »:i  upon  liu-  lidis  i*  ^J'«^'*i»^T  tnan  that  uf  thi* 
*.!••.   .i»:»%  •;>•:•  vl*"!'^  fif  i:5.».i.irnv  uf  maUrr  in  ihf  LltiM-  is  vastlv  sireaicr 
ih\  .  •  :  :':••  'or:'!'  /  •   i>  .t  llu*  ^u:l,  Svi.';;  al  a  n'.Ufii  irt-.iter  di>tar.cv  Irom  \t\e 
c-   •.'...    :  :•'  -^.vi::,  .,:••■.»l•!^l*:^•  v.iiU'rt'i.ii  iMr:<of  ;h»  » .irth  w:t!i  nearly  the 
J.....      .  ,..^.j.     wh.T*  »^  :  w  mo^vi.  ii»'i  ;•:  at  a  m  .».h  N>*  •r.**a:ue.  a!!r.ic:s  t:.e 

d:::  •  .:  i»  ::<  o:  :  f  r.vri:^  wiih  \ery  d!il.'r»-it  :rc»<.  Aoc^rc  :.^  :•.♦  tr.c 
!.'.::-:  .»•»>.:  ».i:'.»'>  i  :f  :?ir»:s  f  rvf  of  l';e  >  s'l  f'«r  j" '*."»:  thr  i*dr>  i>  to  :;:o 
:r.t.i !  :'  -v  •:*  •  •  •  r  !  •  >::  ..>  "  :.^  C;  l^y  I'.e  ro::  S:::'.d  i  flVct  of  Xhe^v  iwu 
fo-*--  -.  :  :    :  :•  -  ••   .":  •  !•••.  ..-.•  ••:?'  w'wa  v.o  m.»o  \  -r  :.i  h-.r  r>5^  ar.d  f\:X:'  u-rtr- 
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lU'LC. 

I>i-..T  TaMr  C.  iiivl  t:!v«M>. It  liu;  r;'.i n; :)Pr '.r.i!i:'i  >!.i:-!(l?  i.;nM.i-iif  to  tli-.. 
v»'.T.  ;.'i.!  .;•,  I'-:- til-  i:m  .ill  ioi-  uhich  tli.  '.!!»•  i-  to  li-  <  Irnj.ilfil :  this 
iixir.Af.  V  ri'iilfd  !»>  tlii  diV  nf  th«?  muntii,  will  g:\«*  liu-  ii)iiit!»  ^  ;i;:i\  rrje'Ctini; 
;jt»  will  .J  »i!r'  -JiMi  r^;c.  •  ds  t!i:»l  ilumtMT.  A;;.j::j^t  Iht  .!;:t'  rjuhui  i.i  flic  li»t'L 
I'Hi!'.!  r.'jli-.ijira  of  Tabli-  I  >,  H  a  iiumlier  oi*  hoiirsi  vlva\  iiiiimt.*.-  iii  iho  adjoin^tl 
c-il'."i.i.  ui.iiii  lif'i.i^  'uldid  lu  lliu  t'uni?  i»l'  lii^h  w;it<*r  at  tlj  ■  ^l\<'ii  phci*  on 
lL«-  I'li!  Mud  oh:iiij5»'  d'».ys,  will  ;i;vc  the  timr  of  hidi  wntiT  injuiri'd,  ohrJfrv- 
I.':;:  lu  n-i-ct  lili.  Jim.  oi*  J  III.  r.Jm.  uh».*u  the  sum  iixceeds  eil  her  of  those 
inii'- . 

i^.  ti.'.-f  rule  I  ',!i;'.li  Wdik  tlii;  t\ro  pivciMling  cxumplo?. 

rxAMPLt:  HI. 

U«M!.r,n'd  tlie  till"!!:  of  !i:;;ii  water  at  Ch;irluslon  (S.  C.)  ."March  17,  IG*\\  hi 
tin*   liu  .ijiMin,  ci\ii  iiccofi'st  r 

I:i  till-  !;il)l»'  C,  o|ipi)i':t»*  I UJO,  and  undvr  MMn-h,  stand  16,  which,  added 
to  t!i»'  i!  jv  oI"  th<:  innnth  17,  t^ivi's  ."53,  and  by  sulitr.iclinjr  30,  hstves  ;•,  th" 
iniM«..\  n'/^f :  oj);tHit«.*  ;)  in  T:i!)h'.  J),  is  Ih.  I'im.  which  added  to  ?h. 
loin,  tin:  tinio  oi'  \i\'^\\  wat«-T  on  Iho  full  and  rhan;:;*'  days  givi*s  r*h. 
Ini.^^f.ir  tl.i*.  time  of  hi^h  water;  diifenng  ihiven  mhiutcs  from  the  for- 
mer nu  tl.od. 

EXAMPLE  H'. 

Ri'f'ii.in  d  tlie  lime  of  hi^h  water  atPortiand,  (IMats.)  ^Iay23, 1G;20,  in  the 
aft  rijo«s:«,  >.i\*.l  a-.coui.t  ? 

I.I  t:i::  I  .-.'ill:  ('.  opposite  ia-20,  and  under  Ahiv.  stand  I'J,  whieh  added  tj 
th»'  ihiV  •»:'  tin:  ir.di.th  2J,  ^ivea  (l»y  n«'g:U;ctini;:  -AV]  the  in(K»si'r>  age  11  :  op- 
yn)slti'  to  llii :,  ill  Taldel\  i:.  Uh.  i;5m.  w"!iich  added  to  lOh.  l.Jm.  the  lime  ol 
iii;.ri  w.''.;-!-  o.j  the  fnii  a. id  elianjc  days,  reives  iioh.  Im.  from  which  subtract- 
in;:;  1  'i.  J  I.!i.  then*  reinai'.is  7h.  tOm.  lor  thr  time  of  full  bua  31ay  '20,  l«v?0  ; 
•  1:'    <i::i't  r-i   *  ini:.u!'>s  frnm  t!i«'  t'onner  n;i  thoti. 

1.:  th:-  ?}.!id  r»>itni!n  (}f  Talile  I)  is  j;iven  the.  time  of  the  moon's  cominjr  to 
llui  i..:rridi:»ii,  fur  i^very  day  of  hrr  a;;e .  thus,  opposit»M  1  days  stand  Mb. 
/7ni.  whi.li  i«>  the  time  of  her  coming  t«i  tin*  meridian  on  that  day.  Thi« 
tall!"  ni'.y  h.;  of  «nm«?  u->e  when  a  Nautical  Almanac  cannot  br  procuretl : 
but  Ihii:^  raleulated  upon  tin;  snppnsitiou  that  the  moon  movesj  uniformly 
in  tln'-  eqiihtnr,  th»*  tatilc  cannot  be  very  acfn-.ti-.  The  nunibcrd  in  this  Ta- 
ble am  n-ciioned  from  noon  to  noon;  thu^^,  lii.  A.  M.  ir*  denoted  by  I.Jh.  ; 
•2h.  \.  M.  by  14h.  6ic. 

Tlif  time  of  neiv  mmin  is  easily  found,  by  si:litractini]j  the  fur.nber  taken 
from  Table  C  from  .){).  Ex.  .**iippn«e  it  was  reipiired  to  ii:id  tiie  i •".•♦•  uf  uew 
moon  for  May.  IJJSO  ?  Ky  examining  the  table,  wc  tnid  the  number  ror- 
/esjjondiiij;  to' that  time  is  IR  ;  thi-^  subtracted  from  iJO  leaves  12  ;  therefore 
it  will  be  new  moon  the  IvJth.  May,  Ui-Zi). 

\N  heji  l.'ie  time  of  hi;r!i  water  is  known  for  any  day  of  the  moon's  age, 
%ve  may  from  thence  Jind  the  lime  of  high  water  od  the  full  and  diangt. 
dny.s,  by  the  ioliuwinj; 

III  LE. 

Find  the  tinu*  of  the  moon's  coming;  to  the  mcridi.'n  of  Greenwich,  in  thr 
♦;ih.  pa^^e  of  the  Nautie:d  Almanar. :  to  this  time  apply  the  correctio;:-  lakeu 
from  the  tables  A  and  B,  (in  the  same  manner  as  directed  in  lln^  prer. dinu 
rule  ft-r  findini;  the  time  of  high  water)  aulitraetthis  cm-rectcd  time  iVoni  tin- 
observed  lime  of  hi^h  water,  and  the  remainder  will  be  the  time  of  high 
water.  (Ml  the  change  and  full  days. 

A'o  1  K.  If  the  lime  to  be  subtractid  be  greater  than  th-.  observed  time  oi 
full  sea,  \oii  mur^t  increase  the  latter  bv  1  Jh.  '24m.  or  b\  24h.  4Cm.  nearly. 

EXAMPL!:. 

Siij>;»o^e  that  on  the  17tn.  Mareli,  li^u  the  ti.nc  of  Jiijdi  water  :  IC  iiarlts- 
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day,  which  take  as  a  course  io  Tabk  IL  and  seek  for  the  departure  in  the  eo^ 
lumn  tif  Diff.  Lat*  then  will  the  distance  corresponding  be  the  difierence  of 
longitude,  of  the  same  name  as  the  departure. 

5.  J I  the  longitude  in  yAterday  be  of  the  same  name  as  the  difiEerence  of 
longitude,  ftdd  them  together ;  but  if  of  different  names,  take  their  difference; 
the  sum  or  remainder  will  be  the  long,  in,  of  the  same  name  as  the  greater. 

6.  If  a  lunar  ol»servation  were  taken  at  any  time  of  the  day,  you  must  fibd, 
by  tiie  above  method,  the  difference  of  longitude  made  since  taking  the  ob- 
eervation  for  regulating  tlie  watdb,  and  thence  the  longitude  in  at  noon  by 
that  ohgervation,  and  enter  It  in  the  Jnur[|al  as  the  longitude  by  observatioo. 

7.  Find  on  a  general  chart  the  spot  corresponding  to  the  latitude  and  lon- 
gitude by  observatiun,  and  that  place  will  represent  the  situation  of  the  ship, 
ivhence  the  bearing  and  distance  of  the  intended  port  may  be  foond.  The 
same  may  be  obtained  by  niiddle  latitude  sailing,  ny  inspection  of  Table  IL 
thus :  Find  the  middle  latitude  between  the  place  of  the  ship  and  the  pro^ 
posed  place,  and  seek  for  that  latitude  as  a  course  in  Table  II.  and  find  in  the 
corresponding  page  of  the  Table,  the  difference  of  longitude  (between  the  ship 
3nd  the  proposed  place)  in  the  distance  column,  opposite  to  which,  in  the 
latitude  column,  will  be  the  departure.  Seek  in  Table  I.  for  this  departure 
and  the  diff*erence  of  latitude  (between  the  ship  and  the  proposed  place)^  till 
they  are  found  to  agre^,  corresponding  thereto  will  be  the  nearing  and  dis- 
tance required.  If  the  magnetic  bearing  be  required,  the  variation  must  be 
allowed  on  the  true  bearing ;  to  the  right  hand  if  the  variation  is  westerly,  or 
to  the  left  hand  if  easterly. 

We  shall  now  proceed  to  exemplify  the  above  rules;  first  by  a  few  exam- 
ples (»f  tteparate  day's  worlo,  904  4ieD  by  a  Journal  from  Pofton  to  Bladeing 
jtf^pt  in  the  usual  form^ 


4 

I 
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Suppose  that  at  the  end  of  th«  sen  day,  March  ID,  IBtO,  vre  w%n  in  the 
ktitude  of  4^  34'  N.  and  the  lonEitude  of  IdP  E.  and  have  sailed  til)  oat 
nooDaspcr  log-board;  required  toe  latitude  and  longitude  in,  and  the  raria- 


In  calculating  ibe  Tariaiion  fiom  Ibe  abdis  abteiTaiioD  it  ia  asceaaarj  to  find  Iha 
declination  and  latitudf  at  tbs  lima  of  obsrtralion.  Thi  TorBwi  al  noon  ending  iba 
•sa-day,  March  11,  ISSf,  wa*  S°  37' S.  by  Tabic  IV.  tbe  correcilon  for  the  long.  9<P 
E.  li-f-1'  ir* ;  ard  roi  the  time  from  noun  4h.  ia+3  SI",  ihereror*  the  whole  coriM:- 
tion  if  neHTlr  £',  wtatch  added  to  3°  3T'  girei  the  declination  at  ifac  time  of  obur«a- 
dau  3°  4?  S.  coneaquentlj  the  polar  dlilance  93°  43'.  To  find  Uie  Utitud*  we  muit 
«ta  b]t  tbe  li^-hoiid  what  couriei  and  dittanees  the  ship  baa  tailed  from  noon  to  tba 
fimaofobKivalianaia  A.  M.  vii.  W.S.  W.  St  miles,  aad  S.  W,  b;  W.  IS  milea;  Iha 
II  setting  in  Iha  laine  lime  N.  E.  S  inileii  iheie  coitrKt  mual  be  coitected  for 
oini  wetterly  TariBlion,  which  it  fouad  to  be  nearly  its  Taliie,  by  a  rough  cal- 
□n  made  with  the  laliluda  in  the  pracedini  noon ;  aud  by  arranftnK  ihoi* 
!i  and  dinances  in  a  liaveite  table  we  find  that  tba  difference  al  latiiuda  mad* 
It  8  A.  M.  it  about  41  milei,  cnneequentiy  the  latitude  in  at  the  lima  of  obsef 
1  linearly  42"  £3*  N.  the  obseived  altitude  of  the  euii'sL.  L.  is  lS°4e' ;  thecot- 
rtcllon  for  dip  and  lemi-dlamelei-f-IS',  and  the  lefraciion  by  Table  XII. —  3'  utnrly, 
consequently  the  aun't  coicect  altitnile  U  ]■"  49'.  With  tha>e  data,  Iho  true  aiimulh 
Mcalculated  aalnpaae  tIS. 

Polar  Dtat.     SS*  42* 

XiStitude        49    63        Secant    0.13505 

Altitude  18    49         Secant     0.0X385 


Co-Bine  8.3S«M 

ftemainder    1^     0        Co-B!ne  9.933B4 

Sum      1».4';0IS 

HslT  sum  ii  log.  co-siiw  Sf    5'        9.73509 
£ 

Trae  azimuth         N.    114  lO  £. 

M^.  aamudt  N.    135  19  E. 

Vanatiofl 
The  Tarialioti  being  allowed  on  all  the 
oourtea,  and  on  the  ael  of  the  current, 
and  th«  distances  being  aumnied  ap,  the 
(raverte  labia  will  ba  aa  ailjoinad  :  and 
the  difference  of  latitude  Biado  goad= 
49.8  8.  dep«tura=eTJ  W.  Hence  Iha 
couiaa  mada  food  S.  63{°  W .  and  dis- 
tancasiM  oiUaa.  And  bj  lublractinB 
the.dUla>ende  of  latitude  EC  from  la^- 
tude  left  43°  34',  tlitre  remains  the  tali- 
tude  ia  49°  44'  N.  H»ce  we  have  Iha 
middle  latitude  43''  9',  wilh  which  and 
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EXAMPLE  III. 

Suppose  that  at  the  end  of  the  sea  iaj,  March  10,  1820,  ne  were  in  the 

latitude  of  43°  34'  N.  and  the  lanEitude  of  10°  E.  and  have  sailed  till  oext 

nooD  as  per  log-board ;  required  tne  latitude  and  longitude  in,  and  the  vuia- 

lion  of  thecf ' 


Id  ealculatiog  tbc  nriRtion  from  tha  abore  sbWrTitHin  it  ii  acceiear;  lo  finil  th» 
declination  and  latitude  al  the  time  of  obtriTatioa.  Tbe  rormer  at  nmn  endmR  iha 
aea-day,  Match  II,  ISST,  wai.  3«  37' S.  by  Table  IV.  the  correction  for  Ihe  long.  30^ 
E.  ii-|-l'  If  1  and  for  the  time  from  noon  4h.  ii+3'  51",  thersfoK  the  wHole  correc- 
tion ii  nearijr  £',  which  added  In  3°  ST'-givcB  the  declination  al  the  time  of  obeeTva- 
tiou  3°  if  S.  conaeqiiently  Ihe  polar  diilance  93°  ^.  To  find  the  laliluda  we  rniiit 
Ma  by  the  log'board  wbil  couraei  and  dietancei  ihe  ship  h»  gaileri  from  noon  to  tha 
fimenfobKrvBtianalB  A.  M.  *ii.  W.S.W.iS  miles,  and  S.  W.by  W.  19  mile*:  tha 
t  getting  In  Ihe  aaine  time  N.  E.  5  milei;  tbeo  rauriea  muii  be  corrected  fbr 
int  weelerly  Tariation,  which  ii  found  lo  b«  neatly  its  mine,  by  a  rough  cal- 
ID  made  with  iba  latitude  in  the  pieceding  nooa ;  aud  by  arrangini  ihoa* 
!  and  diitancei  in  a  traTerae  table  we  find  that  iha  difference  of  latitude  made 
I  B  A.  M.  ia  about  41  milea,  cooaequenlly  Ihe  lailiude  in  at  the  time  or  obeei- 
ii  nearly  42>  G3'N.  the  obaerved  allititde  of  the  lun'tL.  L.  ii  ]B°4«' :  Ihecar- 
lectian  for  dip  and  tami-diaoKMr-)-!!',  and  Iha  lefraciion  by  Table  XII.—  3'  nearly, 
conaequcmly  the  eun't  correct  altilode  ia  l<o  49'.  With  ihaie  data,  the  true  azimath 
M  cakulaled  Uln  pr    -  ■■* 


Uln  paae  IIS. 
Polar  Dht. 
Latitude 
Allihtdv 

93=42' 
49    B3 
18    4fl 

Secant 
Secant 

0.13505 
O.0X38S 

Sum 

166    M 

itum 
Polar  Diit. 

77    4i 
83    42 

Co-aine 

0.3UM 

Remainder 

16      0 

Co-sine 

9.S8S84 

Hair  sum  it  log.  co-sine 

Sum 

570    5' 

B 

I9.4701B 
9.73609 

Tree  azimuth 
Mas.  aamudi 
VaHatioo 

N. 
N. 

114  10  fi. 
tS5  19  E. 

The  Taiialion  being  allowed  on  all  iha 
cauiaea,  and  on  the  ael  of  ibe  current, 
and  Hm  diatancea  being  aumnied  wf,  the 
Craverao  labia  will  be  a>  adjoined  :  and 
Ihe  diSerence  of  latitude  made  good= 
49.8  S.  depattut*=eT.fi  W.  Hence  the 
couraa  made  good  S.  fiSj"  W.  and  dia. 
tBace=M  milaa.  And  by  aubmciini 
the  .dUaienoe  af  latitude  SV  from  lati- 
tude left  49°  34',  tfatre  remaina  tha  lati- 
tude ia  43°  4^  N.  Heace  we  have  the 
middle  latitude  43°  ff,  wilh  which  and 
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Id  calculating  ibe  laiialian  fiom  tha  aboTa  sbierTailon  it  ii  acce»at7  lo  find  ths 
^clination  and  laliluda  at  Iba  tima  of  obE(>rratiaii,  Tha  rornwi  at  noon  cortine  <b« 
aaa-day,  March  II,  IBSf,  nan  3°  3T' S.  by  Table  IV.  ihc  coricciiDn  for  Ihe  long.  SOO 
E.  U+V  ir ;  and  for  the  lime  from  noon  4h.  it+S  51",  Iheiefon  the  whole  corrac- 
don  i>  nenrljp  S',  which  arliled  lo  3°  3T'  glvea  the  declination  at  the  time  of  obserra- 
tion  3°  iV  S.  conHcjnent];  the  polar  diitance  9S°  43'.  To  find  the  latitude  we  must 
lea  by  the  tog-boatd  what  couriet  and  diitances  tbe  chip  has  tailed  from  nnon  to  tha 
fimeafabKrvBtionatS  A.  M.  *ii.  W.S.  W.lSmile*,  a>d  S.  W .  by  W.  19  milsa :  tha 

One  point  weiteily  TariatioD,  which  ii  found  lo  be  nearly  its  value,  by  a  rough  ca]>- 
culation  made  with  Ibe  latitude  in  the  ptacedinj  noon ;  aud  by  arranglDc  thee* 
courses  and  diitances  in  a  ttaTetie  table  we  find  Ibai  the  difference  of  latitude  mad* 
good  at  G  A.  M.  ii  about  41  milei,  eonaequenily  the  laiitude  in  at  the  lime  of  obiei- 
latinn  is  nearly  42<' S3^N.  the  obieived  altitude  of  the  lun'iL.  L.ia1S°4«':  Ihecof 
lectfon  for  dip  and  semi-diaraetai-flS',  and  the  refraciion  by  Table  XII. —  3' ueacly, 

DOily  the  gun's  correct  aliiinde  ia  W  49'.  With  ifaece  data,  the  ttue  azimntk 

-'A  uln  page  lis. 

Polar  Dht.     63"  42" 


Latitude 
Allihid* 

Sum 

iwtn 
Polar  Dill. 

« 

IB 

1S6 

77 
93 

&3 
49 

M 

4i 
43 

Secant 
Secant 

Co-»iD6 

0.13505 
0.0*385 

9.3£8M 

~>r 

0 

Co-gim 
Sum 

9.9S384 

19.4101S 

Half  aumii  log 

•  CO- 

aim 

57"    S' 
t 

9.7S&09 

True  a^muth 
Ma;,  azimuth 

n7~ 

s. 

tl4  10  t. 
125  IS  E. 

will  be  a! 


tcljoined :  an 


the  difieience  of  latitude  n 
49.S  S.  depaTtuta= 
course  nude  good  S.  63i°  W.  and  dia. 
tancesM  ViUaa.  And  by  snbtractlng 
the.diOaieMe  of  latitude  NV  from  lati- 
tude left  43°  34',  tMn  remaina  the  laii- 
tude in  43°  44'  N.  Heace  we  have  the 
middle  latilude  43°  9*,  with  which  and 
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Cv  Cod  bnriiiit  tnm  Ibe  iUlp  h.  S.  F..  1-1 

E.  dbtOKl  13  BiJX-.  i>  tb«  _»  u  if  tbf  .bip 

or  N.  N.  W.  1-4  W.  point  of  the  lompin. 

W.  by  N.  mb  uid  Uw  iliiluwe  I3  mllai.  ire 

auRonddhniire- 

Tbe  ship  Biled  ill  dt;  upon  in  E.  ky  S. 

cnuRO  br  compui,wli)cli,by  illoKlnx  ib*  «■- 

•d  (ortbc  nin  ot  all  tht  dilincpi)  It  10) 

ajln.    Wab  (bug  coDna.  lod  tUitucex.  1 

IdI  rroni  the  nnrtbtnf,  ud  tbe  i>fiiiie  trom  Ibr  »»l(nf.  flod  Ihit  IhedllTcrer'e  of  Ulilod*  Hd> 

■nxl  )•  f  D  N.  iDd  IhB  depittunM.a  E.  wbicb  eomepond  to  i  couru  or  N.  «o  WE.  u>d  dinuoe 

•t  mi  la. 

UtuUcdrroD.nrCipc  Cod-slit.     UOnS'N 

Tben  ->lh  Ibe  mlddli  litHude  410  •■  •  conw.  1 

DiJ.  oflil.                           0    »  > 

enXrTiblsII  iDd  ailnitlbe  dcputura  B4J(or 

Sun  of  lit*.                         B4    li 
Middle  liiUuda                la     7 

^"'■'^■KS'Ili!^'"™*-   T  ?t 

Lootio                       «    bTW. 

To^findtiu  hearing  and  dUtance  of  Fnndiid. 

ttlilude  JK           «o  w ».              Met.  pi>U       WM        '    I.oin.  In              «T0  hT  W. 

ruichil'i'U.       33    MS.              Ucr   pvu       2D73              VuKbil'ilobt.    IT      &W. 

sifforin.        »  31              ucr.dier 

lit     TM              DWlonj.            10    U 

, WHkUw  nerld.  tig.  or  lit.  ns  dHIm,  inl  dllT.  of  lonE.  30U  Bile*.  Ibe  buriaf  l>  faund  lo  br  B.  7ea 
41  A  udwltbtblt  beuint  titea  mceune.  ■ndllM  pio^rdUbiiiDwal  Vtt.'&vMVmii&w.'aik. 
dMMMkbiadt  »«9M>BUu,bTCaML.<<IM 
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JOUKNAL  OF  A  VOTAOE 


H 


iDd«,L W^RcnytftooB  boid, Sunday, Ahr.16,  I W. 


EbjS)SNJf.£ 


E.  S.  £. 


6 


[FreUi  gales  aoi  pleanot  wtatlier. 


torilhwawl 


bar  ofidyBf 


to  Hw 


At  iMOD  obaerred  the  altitude  of 
tbesoo^  lower  limb  bearing 
south  50^  SeTI . 

Add  for  Beau-diameter,  ^p,  be  f    Vt 

The  refraetioo  bctogsmal  is  ne^ 
glected- 

Conect  altitade  50    Si 

from  90   •• 


0's  xeoith 

0's  correct  dedioatioQ 

Latitude  by  obsenratioa 


39   tfN. 
S    SlN. 


41    43N. 


VariatioD  j  point  westerly- 


Course. 


SSOPl^T 


DisL 


Lat 


Itt 


fv.„|Lat.by,Ijit.byl  Diff.  ilruc. 
"^PId.R.i  Oba.    L'tig.l  In. 


97 


E. 
160 


N.       £.    I  W 


Fooelial,  76°  24'  E. 
41<»  43'l41<>  43l3»  39^l64Wdistance»19miH 


Bearing  b  Dist. 


The  rariation  beine  allowed  on 
each  eonr8P,ai>d  thedistanees  sum- 
med op,  they  wiB  stand  as  in  the  ad- 
C'ned  traTerse  table ;  from  hence, 
meaiM  of  Table  M  find  the  dif- 
ference of  latitude  87,5,  and  the 
dkpartore  159.0,  which  corres 
ponds  to  the  course  S.  80^  15' £.  and 
the  distance  162  miles. 


TEAVKRSB   TABI.K.                         \ 

Courses.  \Uu/L 

N. 

t.1 

6.5 
19S 

41.9 

41.5 
76.6 

vr. 

Dep. 

£.i  a 
£.ia 

£.SJEL}£. 

4t 

4t 

79 

D.Lat. 

17.5 

160.0 

Tctfcnliy'rlaUtodt 
DiCariMiUMte 

Swb  »' bthades 


378 


41    43  5. 

n  53 

41    56 


With  the  Middle  latitiMte  Alo  »'  or  4aP  m% 
eoonp.  lenterTaUell  •nd  se«k  forthedepar- 
tnr*  ISSA  ia  tte  lakittidt  c^'naa;  the  oeucst 
number  to  which  ia  U8.8  tunewymwlim.  to  the  dit- 
tasc^  2IS,  which  is  thU9Soi%  tte  diihFCBce  of 
loBcHede.  eQial  to  30  ns'  G. 

Teitndiijr**  loac>  €7   S7  W. 


C4  S2  W. 


To  find  Uu 
Latitude  in     4\^  43^  N. 
ruiicbaPilat.93    38  N. 


Loeg.  hi 

ftesrw^  aiuf  dUUmcc  tf  FfmckaL 

Mr r.  parts    2759  Lon^^itude  in       64<*  22*1?. 

Mer.paru    2073  FunchaPs  long.  17      5  W. 


of  lau 


9 
60 


M.  D.  lat.     686 


DiCoflong. 


47    17 
60 


la  aulet  545  In  miles  2837 

ByCawL  or  Meica!M«B«niac,I8BdtliebetfincorP«nehaltobeS  710  24' £.  ud  its  distance 
aslfaBee. 

Wbea  the  no  WM  apoB  the  neridiao,  the  altttade  of  hit  lower  llah  vag  5Q0 14\  to  which  aiM  laT 
for  the  teaidhaecer,  pertUax.  aad tte  dip  of  the  borisoo;  the  refractioB.  (gWea  is  Tahie  XIL) 
fiirtkiialtitade%eiafiBaU.iiat|lected;  heoee  the  correct  eeaftral  altitade  w«  SOO  as' which  nub- 
traeted  fhM  teo,  leavw  »ho  aaaHh  AMance  390  Sf  which  BMt  be  called  Dotth,  heeauw  the  sao  hen 
aaatfcwtaoontiwaNrHtaBttkeaiBTablelV.  I  flad  the  •«*»  dKlintf ioe  at  boob  at  (}rceawichi« 
lOir  IT.  to  thli  addtka  cerMetteB4'.  lakea  fto«  TUble  V.  eonenHaaHat  to  the  ship*!  loi^itude ; 
the  ^am  h  SQ  V  If .■^ha  ooiiert  derliMtiea  ;  lad  aioce  the  dBcHaallpa  u»d  smHh  iBslaDce  ire  botk 
aoft*.  f  addtaeimnetlwr,m4tbi8Miam%sttato>j>aaayi  i>— maaijiP  Cfttflk.-mW^ii^gws. 

wittttoUtitadBbjr 


BllOH  BOSTON  TO  HASEIftA. 


The  ship  tailed  all  day  upon  the 
same  eourst,  which  corrfctpd  for 
the  variation,  ia  E.  8.  £.  i  E.  ths 
nholu  distance  uiled  is  I9S  milesf 
and  the  diffi:rene«  of  latitude  a  47 
miles.  Of  47'  S. 

Yeaterday't  tatitude  41    43  N. 

Latitude  by  D.  R.     40    56  N. 
U«nce  the  latitude  by  account  difleii  lO  miiai  from  the  lalilude  b;  obiervailoo  I 
but  It  will  Dot  be  DMSUaif  to  correcl  the  loDgiiiK' ''-'-' 


Biff,  of  IbI.  by  Ob; 
Sum  of  iMiludcB 
Middls  latitude 


Viib  ibe  middle  lal 
te,  ik>d  the  depBrl 
orialili 


eipnndins 
the  dilftr- 


4]     14 


listance  348,  whicb  i 
ince  of  longituda 

TeiMrd  ay's  long.  64    22  W. 

Long,  hi  »     14  W. 

to  eiemi^i^  tlia  ralei  of  natigation,  i(a 


JVbfe.    Ai  tbii  journat  i<  outj  de*igned 
bave  not  endeavoured  in  ^ive  the  true  varii 

7%  Jlndthe  bearing  and  ditlanet  of  iWeftoI- 

}°  46'  N.  Mar.  parli    3683  LoogtIuiLe  in        60°  14'  W. 

Mer.paiu    2073  Funcbal'i  long.  1 T      B  VI. 


Diir.  of  lat. 
rn  mile) 


M.  D.  lat.      elfl 


DilLtoiiE. 


WKtaibameriil.  dUT.  of  lit.  ud  dJIT  eTIon'.  Ilie  bMrbsii 
Ike  prapar  dtf.  b<  liL  Ibe  dWuca  It  rotimt  to  be  flM  nUn,' 


JODRNIL  OF  A  TOTAOE 


HKlF. 

»    71 

Counes. 

WiDcb. 

LW 

Remarks  on  boa 

ni,.Tiiei»l.j,»UrJB,ll!»;) 

SBAjE 

OTb^E 

I 

.itb  nin. 

2    7 

At.4  A.  H.  apob  the  >bip  Fnoklm, 

s  e'  6 

4  e,  e 

5  8 

6  e 

7   5   4 

8    5   4 

8   6    6 

S.  E. 

E.H.E. 

1 

10   5    6 

Bun'8  L.  L.                            s**  SV 

11    5!  6 

AddforMmi-diameter,  be.        0    IS 

12   5'  6 

. 

1  ai  3 

Sun's  correct  altitude                54     4 

£  a!  s 

Subtmot  from                           M    00 

3   Sj  5 

4   51  & 

Sun's  zenith  disUnce                35    06  N. 

5   61 

SE.byS. 

E.by.N 

1 

SuD 'a  correct  dccliaatioD              3      8  N. 

8    6 

LaUtude  obserred                     S0     4  N. 

9    6 
10    6 

i"l' 

Vamtion  J  pomt  westerlr- 

C«m..  DUt-jEf  D.P 

I'^' 

air 

't'' 

Beuiit  ud  Diit. 

B  AoOai^l?    itfo        ''*       '^* 

N. 

s. 

^r 

-^ 

Funch>IS.TI^4'E. 

S.42°£9'|:.       1S8    [     j^              ^^         gjp     g^-lgg,,    ^^,|       jj,      J-ljgC^g 

diataoceXOST  mites 

allowed  on  the  eoumif  the;  « .  _ 
stand  as  in  the  adjoined  traTene  ta* 
Ue.  Then  tritb  the  difTerence  of 
latitude  and  deparUii«  the  course  is 
found  to  bo  H.  4X='  M'  E.  and  tlio 
dUtanco  ISS  miles. 


With  the  middle  ht.  SS°  55'  or  4(^ 

a  course,  and  the  dep.  93.3,  tnken 

difference  of  latitude,  the  diff  of 

long,  is  found  to  be  lXSmi)iw=2°  S'E, 

Yesterday's  longitude  60  14W. 

Middle  latitude  39   55        Lonptude  in  58  ISW. 

The  course  msde  good  ench  day  is  marked  in  the  jouroal  to  degrees  and 

minntes,  as  it  tras  calculated  by  logarithms ;  but  for  practical  purposes,  it  is 

sufficieotly  exact  to  find  it  to  the  nearest  degree  Hv  means  of  Table  11. 

7%  ^d  tht  bearin/r  and  ditUmet  ^f  FuniA/d. 

By  Case  I.  Middle  Latitude  trailing. 

Latitude  in  SB^  01'  N.  Longitude  in  58°  12'  W. 

FanchaTs  latitude  SS   3«  N.  Fuoctwl'a  longitude  17    05   W 


IKflerence  of  lat.      6    36=386  miles 


Difference  of  long. 


41 


8am  of  latitudes    71    4B 

Middle  latitude      85    51  In  miles  9467 

Witb  tbe  middle laUtoda  35°  SV  btSB^  Mautone,  aodihadiffernicc  oflongiludr 
3iG7  as  a  diaiaacfl,  I  calculate  iha  dcpaTt.ui«  -,  «iA  Aai  »oi  ft*  (i«t.mM«  til  Vi.'.l- 
tudel  find  iIh  distance  andcg«i»e,lJ5  CawV-ot  M.>4SVi\A.>;ai6a*i>Siwiv 


ntOH  BOSTON  TO  MADEIRA. 


RemarfceoD board,  Wednes.  Mar.S9,  I8S0. 


Herid.  alt.  O'a  lower  limb  Hi*  S^ 

Add  for  semi-diameter,  dip,  be.  0    12 


Lntitudp  nbaerred 
f^ariatioD  1  point  westerlf- 


58°i2' 


TKATERSB    TABLE.                           | 

Courae.  [Diat    N. 
Soutll.    1  86 

8.  iE:. 
<.i."i.lDifr. 

'"*"  Lat. 

uquentl^  t£e  ship  is  in  tlie 

Yesterday's  latilude 
Diflitreoct!  of  latitode 


The  leeway  and  varialinii  be- 
ing allowed  on  both  couries,  Ihej 
become  *nuth ;  the  whule  dittanes 
Bniled  or  86  miles,  U  thererure  the 
difftrenee  of  latitudK  bT  account} 
the  departure  being  nothing ;  con- 
longitude  as  yesterday. 
39'  04' N. 
86=t     IG   S. 


latitude  in  by  D.  R.  37    38  N. 

The  latitude  by  ohserTatiuii  was  37°  43'  N.  differing  1 0  milei  from  (he  acr 
count ;  but  this  will  not  render  it  oecesaary  to  correct  the  lon^tode, 

To^dihtbtaringaTiddistanMof  ^neftol.  

liltitudein       37°4a  N.         Mer.  parta     3453         Longitiidein     58' HW. 
Funebal's  lat.  32   38  N.         Mer.  parts     2073         FllRchal'sloiig.17     » 

DilT.  oflat.        S  10  Mer.diff.lat  S60        Diff.  of  long.    41     1 


In  miles  310  In  miles         2467 

Hence  the  bearinijis  found  to  he  S.  81'>  16'  E.  and  the  diatance  2058 
miles,  by  Case  I.  of  Mfrcator's  sailing  ■  and  Ilic  same  may  btl  fmind  bv  mid- 
dle latitude,  ivhicti  is  thf  most  exact  method  when  the  twi  latitudes  differ 
but  little ;  and  it  is  the  way  ia  which  the  calculation  will  be  made  in  the  rest 
•f  the  jouruul. 


FBOM  BOBTOti  TO  H&DEUU. 


ly,  per  Mimulh. ; 
BuriDg  U.  DitL 


The  Tariation  and  lee-<raj  being  allovred  on  both  connea.  it  appears  that 
flie  ahip  has  madi;  a  due  ea«t  cnursR,  the  distiinee  sailed  151  miira  n  th* 
depurture,  and  the  diSerence  of  Inngitudc  ix  Tuund  bj  caae  II.  of  Parallel 
Sailing,  rhp  tatitudf  in  ii  the  same  as  jK^tr.rdnyh  lat.  97='  59'  N.  Taking 
tbii  aj  a  course,  nnd  the  departure  151,  uh  difliruncc  of  tatitud<?,  the  distanu 
which  correspooda  is  the  difference  of  langiiLidi-,  191  milea^  S'  ll'E. 
yesterday's  longitude  57     fl4  W. 


Lonsilude  in 

.14    SS  W. 

7\./«<(ft*t«'mVani 

IMiweo/Fiin^Xia. 

btitnde  in 
PonchHl's  lat. 

970  55' N. 
se    88  N. 

Longilirde  in 
Funehal-along. 

17     OS  W. 

Diir.  of  latitude 

SumoDatitiides 
Middle  latitude 

5     17=317  miles. 

70    SS 
SS    16 

Difl:orione. 

lu  miles 

37     18 

Hnnce  by  casf  I.  of  Middle  Latitude  Sailing,  the  depsHurf-  is  found  to  b* 
1827  miles,  ilie  bearing  of  Fiinchal  S.  Gn°0'  F..  and  th'.-  di'tancc  1855  mile*. 


lOimiTAL  OP  A  rOTAffiS 


The  enunM  being  corracM  for 

ttt-VKj  and  TariatioD,  thetravRTM 
tahle  irin  be  u  herr  ^*en. 

Heneethe  eeurae  u  S.  89*>Z4'E. 

distance  tOC  miles.  < 

YeBtprdajr's  latitude    S7°  ii'N.- 

US',  of  latitude  IBS. 

Let  in  by  account      S7    89  N. 

TeatrrdaWa  tone.         M    flSW. 
ep.  30I.S,  OiB  lUff,  of 
long.i3Ua=  4    19  E. 

Longitude  in  by  account        50      8  W. 

The  latitude  by  observation  differ'  9  milea  rrom  the  latitude  bj  dead  reck- 
tuag,  but  the  longitude  requiroi  no  correction  on  this  account. 


FROM  BOSTON  TO  MAPKIHA. 


The  leewBT  and  ranation  being 
alloned  on  tbe  courses,  the  traven* 
table  ivill  be  u  here  giveitj  heucs 
the  coune  vrai  S.  79°  56'  E.  and  tha 
distBDCe  SOS  miles. 

With  the  middle  lat.  ST°12'  and  thft 
dep.  198.7,  the  difference  of  longitudB 

ia  found  to  be  S49  mile>=  i"     VE. 

Latitude  in  SG    ii  N.  Yesterday's  lODgituda    50      8  VT. 

Sam  of  latitudes  74    iH  

Middle  latitude  S7    12  Ziongitude  in  -  45    Sfl  W. 

7Vt  fmd  the  bearing  and  dUbiwe  q^  Fwulial, 
Latitude  in  56°   5&'N.  Longitude  in  «•   S^W. 

Funchal's  latitude         9S    38  N.  Funchal's  loDgitude        17    09  W. 


Hence  by  (^nsc  I.  of  Middle  Latitude  Sailing,  the  beariDS  »f  Funchal  is 

ijlimd  lo  be  P.  VP  51'  F.  nnd  ifa  distance  m?  mile*. 


FROU  BOBTOK  TO  MADEIRA. 


The  courses  bpin^  convcted  fta 
let)  way  and  variation,  will  KtaDd 
as  in  tbeadio'med  traverse  table. 

Then  wilh  tho  diSttrenceoriati- 
Uide  82.1  and  the  departure  89.8, 
I  find  tbe  course  S  37°  45'  E. 


LaL  by  account  S4    bb  N- 

With  the  dep.  6S.S  miln,  and  tba 

mil),  lat.  35°  16',  I  find  the  diE  of  long. 

to  bo7B[Dile!<=  )>  18'  E. 

Veatcrday's  loog.         41    54  W. 


IxH)gitud«  ia  40    IG  W. 

To  find  the  bearing  and  diOaftct  of  funcAai- 


In  milc>i     1591 

Hence  by  Case  I.  Middle  Latitude  i^ailios,  the  bearing  of  Punchal  in  found 
o  be  &  84''  14'  E.  and  ils  distance  1164  inilca. 


JOCIUiAL  OF  A  VOTA6E 


Course.  JDiBLJ^ 


Remarks  on  board(WedneMla7,ApJt,lS20. 

First  part  of  these  t4  hours  Bmallbre»^ 
Ees,  aod  calm ;  latter  part  fresh  gales. 

At  4  F.  M,  got  out  the  boat  and  tried 
the  current;  found  it  runaiae  E.  t  ibile 
per  hour,  aod  suppose  the  ship  has  been 
'"  this  current  these  34  hours. 


Wl"; 


Variation  H  point  westeriy. 


In  addition  to  the  cmirses  sdl' 
ed,  I  also  Bllon  Z4  miles  fur  the 
set  of  tfai  current  in  the  direction 
of  east  per  compass,  or  £.  N.  £. 
i  £.  true  course. 


With  the  middle  lat  840  3^,  and 
the  dep.  BB.9, 1  find  the  diSl  of  long- 
to  be  III  miles=  f  1'  E. 
Yesterday^  longituda         40    16  W. 


With  the  difference  of  latitude-l  1.2 
■nd  the  drpnrture  99.9.  the  cour 
found  tu  be  S.  83°  96'  E.  and  th«  dis- 
tance nearly  101  miles, 
yestpfdaf 'b  latitude  34°  SS'  N. 

Difference  uf  latitude  0    1 1 


Latitude  in  by  account       34   34  N. 

1^  Jhtd  the  bearing  and  di*tanet  qf  FtindutL 


Middle  laLtude       M   30    nearly. 
f/roce  ,y  Care  "  •■■'■■ 


Longitude  in 
Funi^hal'i  longitude 


Care  I.  of  Middle  Lat\taid«  S^\\iif ,  the  bearing  of  Funcbal  is 
;.  S4°  27'  E.  and  it»  distance  IQM  inteft. 


PROM  BOSTON  TO  MADEIRA. 


The  course  corrected  for  variation  is  E.  i  S.  dblnnce  tl6  milea ;  hence 
(he  difivraice  of  latitude  is  31 .7,  and  ihc  departure  313.7  miles. 

Yesterday's  latitude  34°  21' N. 

Ufferencc  of  latitud*  St  8. 

Latitude  in  SS    49  N. 

Bum  of  latitudes  b;  ob«.         68      9 
Middle  latitude  94      ^ 

With  the  middle  latitude  34°  4'  and  the  departure  813.7  miles,  I  Bad  tha 
differeace  of  longitude  to  be  e.'iS  iiii1es=  4°  I8'E. 

Yesterday's  longitude  S8      15  W. 


Longitude  in                          S3 

57  W. 

Funcbal'slat           32    96  N.                      Funchal's  long. 

89=  57' W. 
17     05  W. 

Dim  of  latitude           1     10=70  miles.          IXC  of  long. 

16     5* 

Sum  of  latitudes 

Middle  latitude        33    18  

In  miles  1012 

Hence  the  bearing  of  PuncbaliH  found  to  be  S.  85"  ta'C  andib  diitanc* 
350  mil*". 


SWJSNAL  09  A  VOTAOB 


B;  the  «d)oim<l  tnteTM  table,  tlie 
diS^reDce  ot  latitode  is  9S-X,  and  ttie 
^partun  XOO.S;  hence  the  eoune 
was  S.  80°  SO'  E.  and  the  diiUnce 
909.8,  or  110  milea. 


33P  48' N.        With  th«  middle  Utitude  93°  SO* 
Sa'  S.    «nd  the  dmrture  iMJS,  I  And  the  dif< 
ference  of  lonptude  Z4S  miles,  or 


Ziatitudc  in  by  accotmt    93    19'N. 

Sum  of  latittnea              67    01          Testerdajr's  ioiigitude  S3    57  W. 

Middle  latitude  9S    gp  

LoDgitudeb  to    40  W. 

!  To  Jind  (he  htaring  and  dittant*  tf  Fvniiud. 

Latitude  in                      9»>   IS'N.    Longitude  In  IS''  40'W, 

FuDchal's  latitude            9X    98  N.    Fuodiah  hiipliidfl  17      5  W. 

Diff.  of  latitude                       SS         XW.  of  lonsRadB  1%    44 

Sum  of  latitude!              S9    t^l  W 

Middle  Utitude                at    U  '    ' 

Id  mile*  764 
Hence  the  bearinf  of  Fnnchal  b  ftmod  t«  be  8.  «8"  SS*  E.  and  Iti  du 
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Bland  as  in  the  adjoined  tr 
ble :  then  with  the  diffL-rence  of  la- 
titude IB. 7  and  llic  depurture  IT0.7, 
the  course  ii  found  to  faetS.  83°  4^ 
E.  and  the  distaoce  ITS  miles. 


3'N.  With  the  middle  lat.33005' and  the 

!i  S.  dep.  170. T,  I  find  tJie  diST.  of  Iork.  ia 

nearly  S011iiiles=                3=  Si'K. 

Latitude  in                         S3     54  N.  Yesterday's  longitude     29     49  W. 

Sum  of  ta^tudea  68     07  

Middle  latitude                3S    03  Longitude  in                  SB    S5  W. 


Puncbal'a  longitude 


DifT.  of  Intilude 
Sum  of  latitude* 
Middle  latitude 


lOUBNAL  OF  A  TOTAflB 


The  variHtion  belB|;  allowed  on  Ihs 
courses,  thej  will  Uand  as  in  tbe  sdjirfn- 
ed  table ;  then  with  the  tUBerenee  of  la- 
titude 2.9,  and  the  departure  ttffl.5,  tha 
courM  is  found  to  be  N.  BS^  IX*  £.  ud 
the  distance  210  miles  nearly. 


Yestndaj's latitude        S3?  S4'N.  Widithemiddlelat  SX>55',  andthe 

IMfference  of  latitude                9  N.  dep.  209.5,  the  diffl  of  loi^.  is  found 

SSOmiles=                        4''  lO'E. 

,  Idtitudeby  accouDt        32    ST  N.  Yesterday's  longituda    X8    25  W. 

Longitudein  tt    UW. 
TV  find  tht  bearing  and  ditianee  of  Fanchal. 

Laliludein                      saf  M'H.        Longitude  ia  23?  I5'W. 

.  Fnochars  latitude            3S    SB  N.        Funcbal's  longituda  IT    05  W. 

Difference  of  latitude  IS  Difference  of  longitude    5     10 

Sum  of  latitudes  65    34  60 

Middle  latitude  S2    4T  . 

In  mile«  SIO 

HaDce  tba  beating  of  Funcbal  ii  found  lube  S.  SS'ST.  an<ll'^-  distance  86 1  milri. 


FBOU  BOSTON  TO  MADEIRA. 


Laiiiuda  by  account 
Sum  of  iBlIludes 

Mid  d  la  iMitude 

ThrrEfoce  th 

N.and  in  Inngilude  17°  37'  W.  ihi 
in  th«  t«Me  of  laiiiudei  and  lor' 
naail;  exacl ;  Kod  ihat  laliludi 
laid  down.  


In  the  traverse  table  are  placed 
the  bearing  and  distance  of  the 
land  at  10  A.  M.  {after  alloiviog 
Ibe  variation.)  Hence  the  whole 
difference  ot  latitude  ia  tT  milea, 
the  departure  S4S.7,lhe  course  S. 
iSfi  S3'  E.  aad  the  dlatsince  Z44 

With  the  middla  lat.  309  43',  and  th* 
dep.  M8.7,  ihediir.  of  lone,  is  found  to  be 

28B  niilet=  4°  48'  E.       , 

YaiUidBf's  long.  21    15   W. 

17    ST  W. 

It  of  Madeira  bj  mj  account  it  31°  39' 
rs  difTcring  bul  lillla  from  the  tbIugs  gWen 
1  Iheieroie  conclude,  that  my  journal  waa 
giluda  of  that  pail  of  Madeira  ware  well 
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or  arc  at  a  small  distance  from  each  other,  the  transverse  position  of  th«  fmidtt 
bein^  principallj  mulerstood.  Atkwart  titefore  Fool;  when  any  object  croMtf 
the  li..c  of  a  ship's  courso,  but  a-hcad  of  her,  it  is  said  to  b«  atliwart  the  Fora 
Foot.  Aihicarl  ships  ;  reaching,  or  in  a  direction,  across  the  ship  from  one  side  to 
the  other. 

Atri-!}.  When  applied  to  tho  anchor,  it  means  that  the  anchor  is  drawn  out  of 
the  gr&Lind,  and  hfin^s  in  a  perpendicular  direction,  by  the  cable  or  buoy-rope^ — 
The  top-nulls  are  baid  to  be  auip,  when  they  are  hoisted  up  to  the  masi  hoadf 
or  to  their  utmcsl  extrnt. 

Avast.    A  term  iibtrd  fii  btop,  or  stay  ;  as,  arasl  heaving,  do  not  heave  any  more. 

Atr*'  rh.     The  same  as  airip  when  applied  to  liio  anchor. 

All  ■  'dtr.  A  sheltei  i^c  screen  of  cunvass  bpreaii  ovf-r  the  deckn  of  a  ship,  to  keep  of 
till!  4at  of  th^  suT..  Spread  the  awning;  extend  it  so  as  to  cover  the  deck.  JrW 
the  aionng ;  tliat  is,  roll  it  up. 

To  b  Lcl.  the.  ^Inekor.  To  carry  out  a  small  anchor  ahead  of  the  large  ofte,  in  Cttder 
to  s  Import  It  in  bad  r^.ound,  and  To  prevent  it  from  Itfosening  or  coming  home. 

To  b-ic:  astern.  In  rowing,  its  to  impbl  the  boat  with  her  stern  loremast  by  means  af 
the  oars. 

To  bnck  the  sails.  To  arrange  them  in  a  situation  that  will  occasion  the  ship  10 
move  asiern. 

Tobr^rpipc  thcmiscn.    To  lay  it  aback, by  bringing  the  sheet  to  the  mizen  shrouds. 

To  Bulaiict.  Ti'  contract  a  sail  into  a  narrower  compass,  by  folding  ep  a  part  u 
ono  corner.  'Jdancing  is  peculiar  only  to  the  mizen  of  a  shipi  and  the  mainttil 
of  those  ves«<^i.s  wpproui  it  is  extended  hy  a  boom. 

7?a/r.     l^ale  tl^e  boat ;  that  is,  to  throw  the  water  out  of  her. 

BcJUist,  is  cither  pigs  of  iron,  stones,  or  gravel,  which  last  is  called  shingle  ballftiC: 
and  its  use  is  lo  bring  tiie  ship  down  to  her  bearings  in  the  water,  which  her  pro* 
viblons  and  stores  will  not  do.  Trim  the  ballast ;  that  is,  spread  it  about  and  Uj 
it  even.  The  BallxUl  shoots;  that  iS}  it  shifts,  or  runs  over  from  one  eide  of  the 
hole  to  the  oijicv. 

Bare  Poui.     When  a  ship  has  no  sail  sot,  she  is  under  bare  poles. 

Bar^f.     A  carval  built  boat,  that  rows  with  ten  or  twelve  oars. 

Batlui.  A  thin  picrn  of  wood.  Bnttcn  down  the  hatches,  is  to  lay  battens  upoa 
the  t^irpaulinr,  whicli  are  over  th«  hatches  in  bad  weather,  and  nail  them  doin 
that  ihcy  m:»}  not  be  washed  cJ. 

Beacon.  A  yfiA  or  stake  ciectud  over  a  shoal  or  sand  bank,  as  a  warning  to  Mt- 
mcn  to  keep  at  a  listince.     Also,  a  si!;nal  placed  at  the  top  of  hills,  Sic. 

Bemiu.  Stroni;  pieces  of  timber  stretching  across  a  ship's  side  to  sidOi  to  support 
the  decks,  and  retain  the  sides  at  tl.eir  proiior  distance. 

Bear  a- hand.    Make  haste,  despatch. 

bearing  signifies  the  point  of  the  compass  which  any  two  or  more  places  bear 
from  each  other,  or  how  any  place  bears  from  the  ship  by  the  compass ;  or  it 
may  bo  said  to  bear  on  the  beam,  abaft  the  beam,  on  the  bow,  the  bead  or 
stern,  ^. 

Bearings  of  a  ship,  is  that  line  which  is  (brmed  by  the  water  tipon  her  sides  wfaca 
she  is  at  anchor,  with  her  proportion  of  ballast,  and  stores  on  board.  To  bear  tO| 
is  to  sail  into  an  harbour,  4^.  Bear  round  up  ;  that  is,  put  her  right  before  the 
wind.    Bring  your  guns  to  bear,  is  to  point  them  to  the  object. 

To  bear  in  with  the  land,  is  when  a  ship  sails  towards  the  shore. 

To  Bear  off.  To  thrust  or  keep  off  from  the  ship's  side,  ^.  any  weight  when 
hoisting. 

Bearing  iqtoi  BeaHngaway.  The  act  of  changing  the  course  of  a  ship,  in  order 
to  make  her  run  before  the  wind,  after  she  had  sailed  sometime  with  a  side  wind, 
or  close  hauled ;  it  is  generally  performed  to  arrive  at  some  port  under  the  lee.  or 
to  avoid  some  imminent  danger  occasioned  by  a  violent  storm,  leak,  or  eneniT  ia 
eif.ht.  '' 

Beating  t)  Windward,     The  making  a  progress  against  the  direction  of  the  windy 

hy  steering  alternately  close  hauled  on  the  starboard  ahd  larboard  tacks. 
To  bcenlm.    To  intercept  the  current  of  the  wind,  in  its  passage  to  a  ship,  by  any 

contiguous  object,  as  a  shore  above  her  sails,  a  high  sea  behind,  &c.  and  thus  one 

sail  is  said  to  becalm  another. 
Before  the  Beam,  denotes  an  arch  of  the  horizon  comprehended  between  the  line  of 

the  beam  (which  is  at  right  angles  to  the  keel)  and  that  point  of  the  cottipass  on 

which  the  ship  stens.    See  Bearing. 
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Bday.    To  make  fast  any  running  rope,  as  Belay  the  main  brace,  or  make  it  fast. 

Send.  To  apply  to  and  fasten  ;  as,  bend  the  sails,  apply  them  to  the  yards  and 
fasten  them  :  unbend  the  sails,  that  is,  cast  them  off,  and  take  them  from  the 
yards  ;  her  sails  are  unbent,  she  has  none  fixed :  bend  the  cable,  make  it  fast  to 
the  anchor. 

J^eneaped.    See  Neaped. 

Between  Decks,    The  space  contained  between  any  two  decks  of  a  ship. 

Bight  of  a  rope.  The  double  part  of  a  rope  when  it  is  folded.  Bight,  a  narrow  in* 
let  of  the  sea. 

BUg^  To  break.  The  ship  is  bilged ;  that  is,  her  plaaks  are  broken  in  by  vio- 
lence. 

Biige-Watery  is  that  which,  by  reason  of  the  flatness  of  a  ship's  bottom,  lies  on  her 
flooif  and  cannot  go  to  the  well  of  the  pump* 

Binnacle,    A  kind  of  box  to  contain  the  compasses  in  upon  deck. 

Birth.  A  place  ;  as,  the  sliipU  birth,  the  place  where  she  is  moored  ;  an  officer^ g 
birth,  his  place  in  the  sJiip  to  eat  or  sleep  in  ;  birth  tlie  t/Up^s  eompanyy  that  is, 
allot  them  their  places  to  nies?  in  *,  birth  the  Hammocks,  point  out  where  eack^ 
mao's  hammock  is  to  hang. 

Bats.  Very  large  pieces  of  timber  in  the  fore  part  of  a  ship,  round  which  the  cablffl 
are  fattened  when  the  ship  is  at  anchor.  i^^ter-Bitts,  a  smaller  kind  of  bitts  upon 
the  quarter«deck,  for  belaying  the  running  rigging  to. 

7b  But  the  Cable,  is  to  ccnfinc  the  cablu  to  the  bitts,  by  one  turn  under  the  cross 
piece,  and  another  turn  round  the  i>itt-head.  In  this  position  it  may  be  either 
kept  fixed,  or  it  may  be  veered  away. 

JBs//er.  The  turn  of  ih^  cable  round  the  bittc.  Bitter-end ;  that  part  of  the  cable 
which  stays  w:<hin  board,  round  about  the  bitts,  when  the  ship  is  at  anchor. 

BMc.  A  piece  of  wood  with  running  shelves  or  wheels  in  it,  through  which  the 
running  rigging  is  pulsed  to  add  to  the  oiirchase. 

Board.     To  bouid  h  sliip  is  to  enter  it  Ui  a  hostile  manner. 

Board.  To  make  a  board  is  making  a  st.'-etch  upon  any  tack  when  a  ship  is  work- 
ing upon  a  wind.  To  board  it  vp^  that  is,  to  turn  to  windward.  The  ship  has 
made  a  stern  boards  that  is,  when  she  losps  ground  in  working  upon  a  wind. 

Boatswain.    The  ofiicer  who  has  charge  of  nil  the  cordage,  rigging,  anchors,  &c. 

Bold  shore.     A  steep  coast,  permitting  the  close  approach  of  shipping. 

BoU-rope.  The  rope  which  goes  round  a  sail,  and  to  which  the  canvass  is  sewed. 
The  side  ropes  are  called  leach  ropes,  that  at  the  top  the  head  rope,  and  tha^  at 
the  bottom  ihefoot  rope. 

Bonnet  o(  a.  sail,  is  an  additional  piece  of  canvass  put  to  the  sail  in  moderate  wea- 
ther  to  hold  more  wind.  I^asc  on  the  bonnet,  that  is,  fasten  it  to  the  sail.  Shake 
off  the  bonnet,  take  it  o^. 

Boot  topping,  gleaning  the  upper  part  of  a  ship's  bottom,  or  that  part  which  lies 
immediately  under  the  surface  of  the  water,  and  daubing  it  over  with  tallow,  or 
with  a  mixture  of  tallow,  sulphur,  rosin,  &c. 

Both  sheets  aft.    The  situatiou  of  a  ship  sailing  tight  before  the  wind. 

Bow  grace.  A  frame  of  old  rope  or  junk,  laid  out  at  the  bows,  stems,  and  side  of 
ships,  to  prevent  them  from  bein^  injured  by  flakes  of  ice. 

Bow  lines.  Lines  made  fast  to  the  sides  of  the  sails  to  haul  them  forward  when 
upon  a  wind,  which  being  hauled  taut,  enables  the  ship  to  come  nearer  to  tbo 
wind. 

y^O  bowse.    To  pull  upon  any  body  with  a  tackle  in  order  to  remove  it. 

Bowsprit.    A  large  mast  or  piece  of  timber  which  stands  out  ftoro  ^  bows  of  a  ship. 

fioxhauling.  A  particular  method  of  veering  a  ship,  when  ihe  swell  of^he  sea  ren- 
ders tacking  impracticable. 

Boxing.  An  operation  somewhat  similar  to  Boxhauling.  It  is  performed  by  lay- 
ing the  head  sails  aback,  to  receive  the  greatest  force  of  the  wind  in  a  line  per- 
pendicular to  their  surfaces,  in  order  to  turn  the  ship's  ho^d  into  the  line  of  her 
course,  after  she  had  inclined  to  windward  of  (t* 

Braces.  The  ropes  by  which  the  yards  are  turned  about  to  form  the  sails  to  the 
wiiyd. 

To  brace  the  yards.  To  move  the  yards,  by  means  of  the  braces,  to  any  direction 
required.  To  hri.cc  aJ/uiit — to  brace  the  yards  rouud  for  the  contrary  tack. 
7\>  brace  sharp — to  brace  the  yards  to  a  posiiion  in  which  they  will  make  the 
smallest  possible  angle  with  the  keel,  for  the  ship  to  have  bead-way.    To  Brace  to — > 
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Dtadr-wind,    Tbe  wind  right  against  the  ship,  or  blowing  from  the  very  point  t« 

which  she  wnnts  to  go. 
Dismasted,    The  state  of  a  ship  that  has  lost  her  masts. 
Dog'Vant.    A  small  vane  with  feathers  and  cork,  and  placed  on  the  ship's  quarter, 

for  the  men  at  cun  and  helm  to  see  the  course  of  wind  by. 
Dog-  icatck.    The  watches  from  four  to  six,  and  from  six  to  eight  in  tbe  evening. 
Doubling,    The  act  of  sailing  round  or  passing  beyond  a  cape  or  point  of  land. 

Doubling  upon — The  act  of  inclosing  any  part  of  a  hostile  fleet  between  two  fires, 

or  of  cannonading  it  on  both  sides. 
Douce.    To  strike  or  haul  down ;    at,  douce  the  top-gallant-sails,  that  is,  lower 

them. 
Down  haui.    The  rope  by  which  any  sail  is  hauled  down ;     as  the  jib  down-haul. 
To  dowse.    To  lower  suddenly  or  slacken. 
To  drag  ihe  anctKft,    To  trail  it  along  the  bottom  after  it  is  loosened  from  the 

ground. 
To  draw.     When  a  sail  is  inflated  by  the  wind,  so  as  to  advance  the  vessel  in  her 

course,  ^he  sail  is  said  to  draw  ;    and  so  to  keep  all  drawing  is  to  inflate  all  tbe 

sails. 
Drift,     The  angle  which  the  tine  of  a  shi])^8  motion  makes  with  tlie  nearest  me- 
ridian, when  she  drives  with  her  side  to  the  wind  and  waves,  and  not  governed  by 

the  power  of  (he  helm,      it  also  implies  tbe  distance  which  the  ship  drives  on  that 

line. 
Driver.    A  large  snil  set  upon  tl»e  mizen  yards  in  light  winds.      Drive. — The  ship 

drives,  that  is,  her  anchor  comos  through  the  ground. 
Drop.     Used  6omctinies  to  duuoto  the  depth  of  a  sail ;    as  the  fore-top-sail  drops 

twelve  yarrls. 
To  drop  anclior.     Used  synonimously  with  to  anchor.     To  drop  astern.     The  re- 

trocade  motion  of  u  hhip. 
Dunnage,     A  quantity  of  loose  wood,  &c.  laid  at  the  bottom  of  a  ship  to  keep  the 

goods  from  b»ing  damaged. 
Earings.     Small  ropes  UN»d  to  faston  the  up))er  corners  of  sails  to  the  yards. 
Tb  easCf  to  ease  away,  or  lo  vase.  ojf.     To  slacken  gradually;    thus  they  say,  ease  the 

bowline,  ^me  the  shrnt. 
Ease  the  ihip,     Thi<  rcMnmnnd  given  by  the  pilot,  to  the  steersman,  to  put  the  helm 

hard  u-len,  when  tliu  khlp  is  expected  to  plunge  her  fore  part  deep  in  the  water 

when  close  hauled. 
7b  edge  awty.     To  decline  gradually  from  the  shore  or  from  the  line  of  tbe  course 

which  the  ship  formerly  held  in  order  to  go  more  large. 
To  edge  in  with.    To  advance  gradually  towards  the  shore,  or  any  other  object. 
Elbow  in  the  Hawta.     Is  when  a  ship,  being  moored,  has  gone  round  upon  the 

shifting  of  the  tides  twice  the  wrong  way,  so  as  to  lay  the  cables  one  over  the 

other :  having  gone  once  wrong,  she  makes  a  cross  in  the  hawse,  and  going  three 

times  wrong,  she  makes  a  round  turn. 
End/or  end,     A  term  used  when  a  rope  runs  all  but  of  a  block,  and  is  unreeved  ; 

or  in  coming  to  an  anchor,  if  the  stoppers  are  not  well  put  on  and  the  cable  runs 

all  out,  it  is  said  to  have  gone  out  end  for  end. 
End  on.     When  a  ship  advances  to  a  shore,  rock,  &c.  without  an  apparent  possibil- 
ity of  preventing  her,  she  is  said  to  go  end  on  for  the  shore,  &c. 
Engagement.    Action  or  fight. 
Emign,    The^ag  worn  at  the  stern  of  a  ship. 
Entering  port,    A  large  port  in  the  side  of  three  deckers  leading  into  the  middle 

deckf  to  save  the  trouble  of  going  up  the  ship's  side  to  get  on  board. 
£ven  kid.    When  the  keel  is  parallel  with  the  horizon,  a  ship  is  said  to  be  upon  an 

evenked. 
Wait'    A  general  tern  for  the  disposition  of  tbe  wind  when  favorable  to  a  ship's 

courte. 
JVttf-iMry.    The  channel  of  a  narrow  bay,  river,  or  haven^  4n  which  ships  usually 

advance  in  their  passage  up  and  down. 
JFVidb,  or  Fake,    One  circle  of  any  rope  or  cable  quoiled. 

Eag'^nd.    The  end  of  any  rope  which  is  become  untwisted  by  frequent  use  ;  to  pre- 
vent which  the  ends  of  ropes  are  wound  round  with  pieces  of  twine,  which  opera- 
tion is  called  whipping, 
Tofallorhoardof.    To  strike  or  encounter  another  ship  when  one  or  both  are  in 

motion.    To  fall  astern—- The  motion  of  a  ship  with  her  stern  foremost.     To  full 
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thhn.    To  become  io  a  state  of  rest  by  a  total  cessation  of  tbe  wind.     To  fail 

daum.    To  sail  or  be  towed  down  a  river  nearer  towards  its  mouth. 
Falling  off  denotes  the  motion  of  the  ship's  head  from  the  direction  of  the  wind*  It 

is  used  in  opposition  to  coming  to. 
Full  not  offy  or  nothing  off.    The  command  of  the  steersman  to  keep  the  ship  near 

the  wind. 
FeUhom.    A  measure  of  six  feet. 
Tofetdi  away.    To  be  shaken  or  agitated  from  one  side  to  another  so  as  to  loosem 

.  any  thing  which  before  was  fixed. 
Fid.     A  square  bar  of  wood  or  iroo>  with  shoulders  at  one  endj  used  to  support  the 

weight  of  tbe  topmast,  when  erected  at  the  head  of  a  lower-roast. 
Fid  for  splicing.    A  large  piece  of  wood  of  a  conical  figure  ;  used  to  extend  the 

strands  and  layers  of  cables  in  splicini;. 
To  Jill.    To  brace  the  sails  so  as  to  receive  tbe  wind  in  them,  and  advance  the  ship 

in  her  course,  after  they  had  been  either  shivering  or  braced  a* back. 
Fish.    A  large  piece  of  wood.     Fish  the  matt ;  apply  a  large  piece  of  wood  to  it  to 

strengthen  it. 
Fish-hook.    A  large  hook  by  which  the  anchor  is  received  and  brought  to  the  cat- 

bead;  and  the  tuckle  wliich  is  uccd  for  this  purpose  is  called  the  fish-tackle. 
Thjiththe  anchor.    To  draw  up  the  flukes  of  the  anchor  towards  the  top  of  the  bow, 

in  order  to  stow  it,  after  having  been  catted. 
Flag.    A  general  name  for  colours  worn  and  used  by  ships  of  war. 
Flat  aft.    The  situation  of  the  sails  when  their  surfaces  are  pressed  aft  ag&inst  the 

mast  by  the  force  of  the  wind. 
To  Flat  in.    To  draw  in  the  aftermost  lower  comer  or  clue,  of  a  sail  towards  the 

middle  of  the  ship,  to  give  the  sail  a  greater  power  to  turn  the  vessel.     To  flat  in 
forward.    To  draw  in  the  fore  sheet,  jib-sheet,  and  fore-staysail  sheet,  towards  the 

middle  of  the  ship. 
FUtw.    A  sudden  breeze  or  gust  of  wind. 

Floating.    The  state  of  being  buoyed  up  by  the  water  from  the  ground. 
Flood-tide.    The  stnte  of  a  tide  when  it  flows  or  rises. 
flowing  sheets.     The  position  of  the  sheets  of  the  principal  snils  when  they  are 

loosened  from  the  wind  so  as  to  receive  it  into  their  cavities  more  nearly  perpen- 
dicular than  when  close-hauled,  but  more  obliquely  than  when  the  ship  sails  before 

the  wind.     A  ship  going  two  or  three  points  largo  has^owi;*^  sheets. 
Fore.    That  part  of  a  ehip^s  frame  and  machinery  that  lies  near  the  stem.     Fore  and 

aft.     Throughout  the  whole  ship's  length.     Lengthways  of  the  ship. 
Fore-reach.     To  shoot  a-head,  or  go  past  another  vessel. 

To  force  over.     To  force  a  ship  violently  oyer  a  shoal  by  a  great  quantity  of  sail. 
Forward.     Towards  the  fure  part  of  a  ship. 
Foul.    1i  u^ed  in  opposition  both  to  clear  and  fair.  As  opposed  to  clear  we  say,  foul 

weather,  foul  bottom,  foul  ground,  foul  anchor,  foul  hawse.     As  opposed  to  fair, 

wc  say  foul  wind. 
To  founder.    To  sink  at  sea  by  filling  with  water. 
To  free.    Pumping  is  said  to  free  the  ship  when  it  discharges  more  water  than  leaks 

into  her. 
To  freshen.    When  a  gale  increases  it  is  said  to  freshen.     To  freshen  the  Hawse. 

Veering  out  or  heaving  in  a  little  cable  to  let  another  part  of  it  endure  the  stress 

of  the  hawscholes.     It  is  also  applied  to  the  act  of  renewing  the  service  round  the 

cable  at  the  hawseholes. 
Freshen  the  ballast.     Divide  or  separate  it. 

Fresh  away.     When  a  ship  increases  her  velocity,  she  is  said  to  get  fresh  way. 
Full.     The  situation  of  the  sails,  when  they  are  kept  distended  by  the  wind. 
FuUandbjf.    The  situation  of  a  ship,  with  regard  to  the  ^'iud,  when  close  hauled 

and   sailing,    so    as  to   steer  neither   too  nigh  the  direction,   nor  to  deviate  to 

leeward. 
To  fitrl.    To  wrap  or  roll  a  sail  close  up  to  the  yard  or  stay  to  which  it  belongs^  and 

winding  a  cord  around  it,  to  keep  it  fast. 
Gage  of  the  ship.    Her  depth  of  water,  or  what  water  she  draws. 
To  gam  the  wind.     To  arrive  on  tho  weather  side,  or  to  windward  of  some  ship  or 

fleet  in  sight,  when  borh  are  sailing  as  near  the  wind  as  po.<:sible. 
Gamjnon  the  bowsprit.     Secure  it  by  turns  of  a  strong  rope  passed  round  it,  and  into 

Che  cat-water,  ro  prevent  it  from  having  too  much  motion. 
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Prw  of  Sail.    All  the  sail  that  a  ship  can  set  or  carry. 

Preventer.    An  additional  rope  employed  at  times  to  support  any  other,  when  the 

latter  Miffinrs  an  unusual  strain^  particularly  when  blowing  freth,  or  in  a  gale  of 

wind> 
Pudding  and  Dolphin.    A  large  and  lesser  pad  made  of  ropes,  and  put  ronnd  the 

mast  under  the  lower  yards. 
Purduue.    Any  sort  of  mechanical  power  employed  in  raising  or  removing  heavy 

bodies. 
lunarian.    The  respective  stations  of  the  officers  and  people  in  time  of  action. 

Quartering^  distributing  the  men  into  different  places.     Quarier-biUy  the  list  of  the 

thip^s  company,  with  their  stations  for  action  noticed. 
i^uarter-wnd^  is  when  the  wiml  blows  in  from  that  part  of  the  horizon  situated  on 

the  quarter  of  the  ship.     See  On  the  quarter. 
Oiiot/>  is  a  rope  or  cable  laid  up  round,  one  fake  over  another. 
7b  Raise.    To  elevate  any  distant  object  at  sea  by  approaching  it ;  thus^  to  rai$t 

the  land  is  used  in  opposition  to  lay  tiie  land. 
T9  Rake.    To  cannonade  a  ship  at  the  stern  or  head,  so  that  the  balls  scour  the 

whole  length  of  the  decks. 
Range  of  Cable.    A  sufficient  length  of  cable  drawn  upon  deck  before  the  anchor  is 

cast  loose,  to  admit  of  its  sinking  to  the  bottom  without  any  check. 
Ratlines.    The  small  ropes  fastened  to  the  shrouds,  by  which  the  men  go  aloft. 
Rtttch.     The  distance  betweeu  any  two  points  on  the  banks  of  a  river,  wherein  the 

current  flows  in  an  uninterrupted  course. 
Readif  about !    A  command  of  the  boatswain  to  the  crew,  and  implies  that  all  the 

hands  are  to  be  attentive  and  at  their  stations  for  tacking. 
Rear.    The  last  division  of  a  squadron,  or  the  last  squadron  of  a  fleet.  It  is  applied 

likewise  to  the  last  ship  of  a  line,  squadron,  or  division. 
Reef.    Part  of  a  sail  from  oue  row  of  eyelet-boles  to  another.   It  is  applied  likewiie 

to  a  chain  of  rocks  lying  near  the  surface  of  the  water. 
Reefing.    The  operation  of  reducing  a  sail  by  taking  in  one  or  more  of  the  reefs. 
fTo  Reeve.    To  pass  the  end  of  a  rope  through  any  hole,   as  the  channel  of  a  blocks 

the  cavity  of  a  thimble,  ^. 
Rendering.    The  giving  way  or  yielding  to  the  efforts  of  some  mechanical  power. 

It  is  used  in  opposition  to  jambingor  sticking. 
Ribs  of  a  ship.     A  figurative  expression  for  the  tin)bers. 
Ride  at  anchor,  is  when  a  ship  is  held  by  her  anchors,  and  is  not  driven  by  wind  or 

tide.     To  rile  athipart,  is  to  ride  with  the  ship's  side  to  the  tide.    To  ride  hawse 

fallen,  is  wlicn  the  water  breaks  into  the  hawse  in  a  rough  sea. 
Rigging.     A  general  name  given  to  all  the  ropes  employed  to  support  the  masts,  to 

extend  or  reduce  the  sails,  or  to  arrange  them  to  the  disposition  of  the  wind. 
Righting.     Restoring  a  ship  to  an  upright  position,  either  after  she  has  been  laid  on 

a  careen,  or  after  she  has  been  pres.«ed  down  on  her  side  by  the  wind. 
To  right  the  hebn,  ii>  to  bring  it  into  midships,  after  it  has  been  pushed  either  to  star- 
boa  fd  or  larboard. 
Rigg*^  o^  o  boom.    The  running  out  a  pole  at  the  end  of  a  yard  to  extend  the 

foot  of  a  sail. 
To  rig  ihecapstem.    To  iix  the  bars  in  their  respective  holes. 
Road.    A  place  near  the  land  where  ships  may  anchor,  but  which  is  not  sheltered. 
Robandsy  or  Ropebands.    Short  flat  pieces  of  plaited  rope,  having  an  eye  worked  at 

one  end :  they  are  used  in  pairs  to  tie  the  upper  edges  of  the  square  sails  to  their 

respective  yards. 
Rolling.    The  motion  by  which  a  ship  rocks  from  side  to  side  like  a  cradle. 
Rougfi'Tree.    A  name  applied  to  any  mast,  yard,  or  boom,  placed  in  merchant 

ships,  as  a  rail  or  fence  abeve  the  vessel's  side,  from  the  quarter-deck  to  the  fore- 
castle. 
Rntnding-in,    The  pulling  upon  any  rope  which  parses  through  one  or  more  blocks 

in  a  direction  nearly  horizontal ;  as,  round  in  the  weather-braces. 
Rounding.  Old  ropes  fastened  on  the  cable,  near  the  anchor,  to  keep  it  from  chafing. 
Ramu^tum.    The  situation  of  the  two  cables  of  a  ship  when  moored,  after  they 

have  been  several  times  crossed  by  the  swinging  of  the  ship. 
Rounding-up.    Similar  to  rounJirtg-in,  except  that  it  is  applied  to  ropes  and  blocks 

which  act  in  a  perpendicular  direction. 
To  Row.    To  move  a  boat  with  oars. 
Rowsvig.    Pulling  up  n  cable  or  rope  without  the  assistance  of  tackles. . 
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Stays.    Large  ropes  coming  from  the  majtt  beads  down  before  the  masts,  to  prevent 

them  from  springing,  when  the  ship  is  sending  doep. 
Steady  !    The  order  to  the  helmsman  to  keep  the  ship  in  the  direction  she  is  goiag 

at  that  instant. 
Steering.    The  ait  -of  directing  the  ship^  way  by  the  movement  of  the  helm. 
Steerage'Way.    Such  degree  of  progressive  motion  of  a  ship  as  will  give  effect  to  the 

motion  of  the  helm. 
Stem,    A  circular  piece  of  timber,  into  which  the  two  sides  of  a  ship  are  united  at 

the  fore-end  ;  the  lower  end  is  scarfed  to  the  keel,  and  the  bowsprit  rests  on  tlie 

upper  end. 
To  stem  the  tide.    When  a  ship  is  sailing  against  the  tide  at  such  a  rate  as  enables 

her  to  overcome  its  power,  she  is  said  to  stem  the  tide. 
Steeve.     Turning  up.     The  bowsprit  steeves  too  much,  that  is,  it  is  too  upright. 
Stemfast.     A  rope  confining  a  ship  by  her  stem  to  any  other  ship  or  wharf,     r. 
Sternmost.    The  furtheitt  astern,  opposed  to  headmost. 
Slernxcay.     The  motion  by  which  a  ship  falls  back  with  her  stern  foremost. 
Stiff.     The  condition  of  a  ship  when  she  will  carry  a  great  quantity  of  sail  without 
•    hazard  of  oversetting.     It  is  used  in  opposition  to  crank. 
Stoppers.     Large  kind  of  ro]ies,  which,  being  fastened  to  the  cable  in  difbrent  places 

abaft  the  bitts,  are  an  additional  security  to  the  ship  at  anchor. 
To  stow.    To  arrange  and  dispose  a  ship^s  cargo. 
Strand.    One  of  the  twists  or  divisions  of  which  a  rope  is  composed.    It  also  implies 

the  sea  beach. 
Stranded.     This  term,  speaking  of  a  cable  or  rope,  signifies  that  one  of  its  strands  is 

broken  :  applied  to  a  vessel,  it  means  that  she  has  run  aground  and  is  lost. 
7b  stream  the  tmoy.    To  let  it  fall  from  the  ship's  side  into  the  water,  previously  to 

casting  anchor. 
Stretch  out.     A  term  used  to  men  in  a  boat  when  they  should  pull  strong. 
To  strike.     To  lower  or  letdown  any  thing.     Used  emphatically  to  denote  the  low- 
ering of  colours  in  token  of  surrender  to  a  victorious  enemy. 
To  strike  sounding.  To  touch  ground  when  endeavouring  to  find  the  depth  of  water. 
Sued,  or  Seiced.     When  a  ship  is  on  shore  and  the  water  leaves  her,  she  is  said  to  be 

sued  ;  if  the  water  leaves  her  two  feet,  she  sues,  or  is  sued  two  feet. 
Surf.     The  swell  of  the  sea  that  breaks  upon  shore  or  on  any  rock. 
To  surge  the  capstem.     To  slacken  the  rope  heaved  round  upon  it. 
Sway  away.     Hoist. 

StceU.    The  fluctuating  motion  of  the  sea  either  during  or  after  a  storm. 
Sweeping.     The  act  of  dragging  the  bight  or  loose  part  of  a  rope  along  the  surface 

of  the  ground,  in  a  harbour  or  road,  in  order  to  drag  up  something  lost. 
Stoinging.  The  act  of  a  ship^s  turning  round  her  anchor  at  the  change  of  wind  or  tide. 
To  tack.    To  turn  a  ship  about  from  one  tack  to  another,  by  bringing  her  head  to 

the  wind. 
Taffarel,    The  uppermost  part  of  a  ship^s  stem. 

TTaking  in.    The  act  of  furling  the  sails.    Used  in  opposition  to  setting. 
Taking  a-back.     See  a-back. 
Tampkins,  or  Tomkins.    The  bung,  or  piece  of  woody  by  which  the  mouth  of  a  can* 

non  is  filled  to  keep  out  wet. 
Tarpaulin.    A  cloth  of  canvass  covered  with  tar  or  some  other  composition,  so  as  t« 

make  it  water  proof. 
Taught.    Improperly  though  very  generally  used  for  iighi. 
Taunt.     High  or  tall.     Particularly  applied  to  masts  of  extraordinary  length. 
Teil  tale.    An  instrument  which  traverses  upon  an  index  in  the  front  of  the  poop- 
deck,  to  show  the  position  of  the  tiller. 
Tending.     The  turning  or  swinging  of  a  ship  round  her  anchor  in  a  tide-way  at  the 

beginning  of  ebb  and  flood. 
Thwart.     See  Orthwart.     Thwart  ships.     See  a-thivart  ships, 
7%Us.    An  order  to  the  helmsman  to  keep  the  ship  in  her  present  situation,  when 

sailint;  with  a  scant  wind. 
7b  tide.     To  work  in  or  out  of  a  river,  harbour,  or  channel,  by  favour  of  the  tide. 

and  anchoring  whenever  it  becomes  adverse. 
Tide  it  up.     To  go  with  the  tide  u(^ainst  the  wind. 

Tide-way.     That  part  of  the  river  in  which  the  tide  ebbs  and  flows  strongly. 
Tier,     A  row ;  as  a  tier  of  guns,  a  tier  of  casks,  a  tier  of  ships,  ^f..    Tier  of  a  cable. 

A  range  of  the  fakes  or  windings  of  a  cable  which  are  laid  within  one  another,  in  :^ 
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To  rig  a  topgcdlant-mast. 

Send  down  the  top-rope,  reeve  it  through  the  sbeeve-bole,  and  make  it  fast  round  the  bounds  of 
the  mast  and  standing  part  of  the  rope,  learing  enough  end  to  make  fast  to  the  cap,  which  done,  sway- 
away,  when  the  head  is  through  the  cap,  make  fast  the  spare  end,  or  standing  part  of  the  top-rope  to 
thecim,  cut  the  seizing,  clap  on  the  grommett  then  the  shrouds,  backstays  and  stay,  sway  up  the 
mut,  fid  it,  and  set  the  rigging  up. 

To  rig  a  bowsprit. 

Lash  the  collar  fore-stay  for  the  boib-stays  and  bowsprit  shrouds,  then  the  collar  for  the  spring-stays, 
then  the  block  for  the  topmast  stay,  fix  the  man-rope,  gammon  the  bowsprit,  and  set  bob-stays  and 
shrouds  up. 

To  rig  a  jib-boom* 

Put  over  the  traveller,  horses,  guvs,  the  topgallant  stay-block,  and  lash  on  the  blocks,  for  the  top 
gallant  bowline  and  jib  down-haul  block  to  the  traveller. 

To  rig  a  lower  yard. 

Get  it  athwart  the  gunwale,  laeh  the  jeers,  quarter  clue-garnets,  bunt-lines,  leech-Ilnes  and  slab- 
line  blocks ;  then  put  over  the  yard-arms,  the  horses,  brace  pendants,  the  yard-tackle  pendants,  then 
the  top-sail  sheet  and  lift-blocks,  reeve  the  jeers,  braces,  lifts  and  yard-tackle  falls,  truss  parcels, 
sway  the  yard  up,  and  haul  all  taut. 

To  rigafore-lopaailyard*^ 

Reeve  a  top-rope  through  the  bullock-block  and  send  it  down,  and  having  put  over  the  horses, 
make  the  top-rope  fast  to  the  middle  of  the  yard,  stopping  it  to  the  yard-arm,  sway  it  up  above  the 
top,  put  over  the  brice-pendants  and  lift-blocks,  reeve  the  lifts  and  braces,  cut  the  yard-arm  seizing 
and  cross  the  yard,  lash  the  tye,  bunt-line  and  clue-line  blocks,  reeve  the  tye  and  naliards,  sway  it 
Tip  above  the  cap,  and  parcel  it,  reeve  the  clue-linee,  bunt-lines  and  reef-tackles. 

To  rig  a  topgaUani-yard. 

Seize  the  clue-line  blocks  on,  put  the  horses  over  the  yard-arms,  sway  it  upon  the  cap  and  rig  the 
yard-arms,  by  putting  on  the  brace-pendants  and  lifts,  then  croes  the  yard  and  parcel  it 

Te  steer  a  ship  when  her  rudder  is  lost. 

To  take  a  large  spar,  or  part  of  a  topmast,  and  cut  it  flat  in  the  form  of  a  stern-post,  bore  boles  at 
proper  distances  in  that  part  which  is  to  be  the  fore-part  of  the  preventer  or  additional  stem-poet, 
then  take  the  thickest  plank  on  board,  and  make  it  as  near  as  possible  into  the  fbrm  of  a  rudder,  bore 
holes  at  proper  distances  in  the  fore-part  of  it,  and  in  the  after  part  of  the  preventer  stern-post  to 
correspond  with  each  other :  and  reeve  rope  grammota  through  those  boles  in  th«.rudder,  and  after- 
part  of  the  stern-post  for  the  rudder  to  play  upon.  v 

Through  the  preventer  stern-post  reeve  guys,  and  at  the  fore-part  of  them  fix  tackles,  and  then  put 
the  machine  overboard ;  when  it  is  in  a  proper  position,  or  in  a  line  with  the  ship's  stern-post,  lash 
the  upper  part  of  the  preventer-post  to  the  upper  part  of  the  ship's  stern-post,  then  hook  tackles  at 
or  near  the  main  chains  and  bowse  taut  on  the  guys  to  confine  it  to  the  lower  part  of  the  preventer 
stern-post :— having  holes  bored  through  the  preventer,  and  proper  stern-post,  run  an  iron  bolt 
through  both,  taking  care  not  to  touch  the  rudder,  which  will  prevent  the  false  stem-post  from  rising 
up  or  falling  down.  I 

By  the  guys  on  the  after  part  of  the  rudder,  and  tackles  affixed  to  them,  the  ship  may  be  steered, 
taking  care  to  bowse  taut  the  tackles  on  the  preventer  stera-post  to  keep  it  close  to  the  proper 
stern-post. 


\  ^'i''  , 


T.\BLL  IX.  Hemi-diunial  and  Scmi-nocinmal  arches. — This  tuble  eKbibits  Lalf 
the  time  that  a  celestial  object  continues  above  the  horizon  when  tiie  latitude  un<l 
declination  are  of  the  same  name,  or  below  when  they  are  of  a  contrary  name  ;  the 
former  time  being  usually  called  the  semi-diuraal  arch,  the  latter  the  semi-noctur- 
nal arch;  whence  the  time  of  rising  and  setting  may  be  computcdi  by  the  following 
i*ules. 

To  find  iht  time  of  the  sun's  rising  and  settingj  and  the  length  of  the  day  and  night. 

Rule.  Find  the  sun's  declination  at  the  top  of  the  page  and  the  latitude  in  either 
Hde  culumui  under  the  former,  and  opposite  the  latter,  will  be  the  time  of  the  sun's 
setting  if  the  latitude  and  declination  are  of  the  same  name,  but  the  time  of  rising  if 
of  difl^rent  names. — ^Thc  time  of  rising  subtracted  from  12  hours  will  give  the  time 
of  settingi  or  the  time  of  setting  subtracted  from  12  hours  will  give  the  time  of  rising. 
The  time  of  ri8in|  being  doubled  will  give  the  length  of  the  night ;  and  the  time  of 
setting  being  doubled  will  give  the  length  of  the  day. 

EXAMPLE  I. 

Let  it  be  required  to  find  the  time  of  the  sun's  rising  and  setting,  with  the  length 
of  the  day  and  night  in  latitude  51°  north,  the  19th  of  July,  1820? 

The  sun's  declination  on  the  given  day  was  20*^  HV  north,  or  21  ^  nearly,  under 
which,  and  against  the  latitude  51"^,  stand  7  h.  53  m.  the  time  of  the  sun's  setting  oa 
the  given  day,  in  lat.  51^  north,  which  doubled,  gives  15  h.  46  m.  the  lengtli  of  the 
day ;  and  by  subtracting  7  h.  53  m.  from  12  h.  the  remainder  4  h.  7  m.  is  Ihe  time  of 
the  sun's  rising,  which  doubled  gives  8h.  14  m.  the  length  of  tJie  night. 

But,  when  the  sun  has  21°  south  declination  in  this  latitude,  the  lime  of  sun  setting 
becomes  4  h.  7  m.  the  time  of  rising  7  h.  53  m.  the  length  of  the  day  8  h.  14  m.  and 
the  length  of  the  night  15  h.  46  m.  as  was  the  case  nearly  on  the  26th  November,  1 820. 


EXAMPLE  IL 

Let  it  be  required  to  find  the  time  of  tlie  sun^s 
rising,  settlug,  and  the  length  of  the  day  and 
niffht,  at  Boston,  the  12th  of  July,  1820  ? 

Under  22**,  which  is  nearly  [the  declbiatlon  on 
that  day,  and  against  42<)  23'  or  42^  >'.  the  lati' 


tude  of  Boston,  stands  the  time  of  the  ) 
son's  setting  5 

fittbtrected  from  12h.  leaves  sun-rising 
8un-settiiig  dou!>led  is  the  length  of  day 
Sun-rising  doubled  is  the  length  of  night 


b.  m. 
726 
435 

14  50 

9  10 


EXAMPLE  lU. 

Required  the  time  of  the  sun'*  riving  and  set- 
thig  and  leugth  of  day  in  latitude  34''  2U'  S.  May 
15th,  1820.' 

L'nder  the  declination  18o  55'  or  19«  N. 
and  against  the  lat.  34<>  S. 
Stancu  the  sun's  rising 


12    0 
6  54 


Time  of  sun's  setting 


The  length  of  the  day 
I  And  6h.  54m.  doub.  m  kngth  of  night 


10  12 
t3  49 


\Vhen  a  great  degree  of  accuracy  is  required,  proportional  parts  may  be  taken  for 
the  minutes  of  latitude  and  declination. 

To  find  the  time  of  rising  and  setting  of  stars  tchose  declination  does  not  exceed  23^  28'. 
Enter  Table  IX.  and  find  the  starts  declination  at  the  top,  and  the  latittide  at  the 
-side ;  under  the  former,  and  opposite  to  the  latter,  will  be  the  semi-diurnal  arch, 
when  the  latitude  and  declination  are  both  north  or  both  south  ;  but  if  one  be  north 
and  the  other  south,  the  difference  between  the  Tabular  number  and  I'i  hours  will 
be  tiie  semi-diurnal  arch.  Find  the  time  of  the  star's  coming  to  the  meridian  ac- 
cording to  the  precepts  of  Table  VIII.  and  subtract  therefrom  the  semi-diurnal  arch, 
(he  difference  will  be  the  time  of  rising;  or  by  adding  together  the  semi-diurnal  arch, 
and  the  time  of  passing  the  meridian,  the  time  of  setting  will  be  obtained. 


EXAMPLE  IV. 
Required  when  the  star  Arctums  rises  and  sets 

December  l,  in  latitude  Sl^y.f  h.  m. 

The  time  of  the  star's  coming  to  the  meridi- 
an, or  southing  in  the  morning,  iii  nearly     9  38 

Then  under  star's  declination  UO**  nearly,and 
against  latitode  51 «  stand  7  47 


Time  of  star's  rising  an  the  morning 


I  51 


Added,  gives  the  time  of  the  star's  setting    17  25 

12 


EXAMPLE  V. 
What  time  will  the  Dog-Star  Sirius  rise  and 

set  at  Philadelphia.  Feb.  1  r 

Under  the  decGnaUon,  which  is  nearly  16<'  h.  m. 
S.  and  against  the  latitude,  12    0 

which  is  nearly  40«  N.  stand  6  5»> 


Subtracted  from  12h.  leaves  half  tlie  time 
the  star  is  above  the  horizon 

The  star  comes  to  the  meridian  in  the  even- 
ing nearly  at 


5    4 

9  3'* 


Sum,  rejecting  12  hours,  is  the  time  of  set- 
ting in  the  morning  2  4.'i 
Difference  is  the  time  of  rising  in  the  evening  4  S-v 


Star  sets  26  minutes  aAer  5  in  the  evening     5  25 

1 

In  like  manner  may  the  rising  and  setting  of  any  planet  be  fonnd  when  the  clecli- 
tion  does  not  exceed  23'^  28^,  and  the  time  of  the  passage  uvc^v  ^U^  tbl^xlv^x^xxSk. 

— town, 
Sup/Mwe  it  was  required  to  find  the  lime  oC  3uv\\<ii'aT\s\\\»  ^xi\'^^^^A^«.^'^^'^'^^^ 

'fo'(7,  civil  account,  in  the  latitude  of  52*^  N  ? 


nation 
known. 


Mm 


(  ^1  ) 


lor  parallax  and  refraction.  It  will  be  unnecessary  here  to  point  out  the  metliod  of 
taking  out  this  correction,  as  it  is  fully  explained  In  the  first  pages  oftbe  table.  It 
may  noti  however^  be  amiss  to  observe,  that  after  constructing  the  logarithms  of 
this  table,  it  was  concluded  to  subtract  therefrom  the  greatest  correction  of  the  Table 
C  correapondingy  in  order  to  render  those  corrections  additive.  Thus  |he  loga- 
rithm corresponding  to  the  alt  30P  and  hor.  par.  M',  was  found  at  first  to  be  2372 ; 
and  for  the  hor.  par.  54^  W  the  correction  was  2358;  so  that  if  these  numbers  had 
been  publbbed,  the  correction  for  seconds  of  parallax  would  have  been  subtractive  ; 
but  as  this  would  liave  been  inconvenient)  it  was  thought  expedient  to  subtract 
from  each  of  the  numbers  thus  calculated  the  greatest  corresponding  correction  of 
Table  C,  which  in  the  preceding  example  is  12 ;  by  this  means  the  above  numbers 
were  reduced  to  2360  and  2346  respectively,  and  the  corrections  of  Table  C  were 
rendered  additive.  In  a  similar  manner  the  rest  of  the  logarithms  of  the  table  were 
eilcalated.  It  is  owing  to  this  circumstance  tliat  the  corrections  in  Table  C  for  0^' 
of  parallax  are  greater  than  for  any  other  number.  Similar  methods  were  used  in 
calculating  the  other  numbers  of  this  table,  and  in  arranging  the  Tables  A  and  B. 

TABLE  XX.  Thir(f  correction  of  the  apparent  distance. — The  method  of  finding  the 
correction  from  this  table  is  explained  in  pages  154,  160, 162. 

TABLE  XXI.  To  reduce  longitude  into  time,  and  the  contrary.  In  the  first  column 
of  this  table  are  contained  degrees  and  minutes  of  longitude,  in  the  second  the 
corresponding  hours  and  minutes,  or  minutes  and  seconds  of  time ;  the  other 
columns  are  a  continuation  of  the  first  and  second  respectively.  The  use  of  this 
table  will  evidently  appear  by  a  few  examples. 


EXAMPLE  L 
Beqaired  the  time  corresponding  to  SO^ 

Oppodte  £0*>inooLlis  3200 

ai'  2  4 


31'? 


322  4 


EXAMPLE  IT. 
Required  the  denees  and  minutes  correspond- 
tne  to  6h.3Sm.  SOsTr 

Opposite  6ii.  32m.  Os.  in  col.  4  is        98"  0- 

1     20  incoLSis  2<» 


6    33    20 


98  20 


edughttiaie 

TABLE  XXII.  Proportional  Logarithnu. — ^These  logarithms  are  very  useful  in 
finding  the  apparent  time  at  Green>vich  corresponding  to  the  true  distance  of  the 
noon  from  the  sun  or  a  star,  as  is  explained  in  page  154.  They  may  be  also  used 
like  common  logarithms,  in  working  any  proportion  where  the  terms  are  given  in 
degrees,  minutes,  and  seconds ;  or  in  hours,  minutes,  and  seconds,  as  in  the  exam- 
ples page  163.-  The  table  is  extended  only  to  3^  or  3h.  and  if  any  of  the  terms  of  n 
given  proportion  exceed  3^  or  3h.  you  may  take  all  the  terms  one  grade  lower; 
that  is,  reckon  de^n^es  as  minutes,  minutes  as  seconds,  lp%  and  work  the  propor- 
tion as  before ;  observing  to  write  down  the  answer  one  grade  higher ;  that  is,  yon 
must  estimate  minutes  as  degrees,  seconds  as  minutes,  &c.  Instead  of  taking  all  the 
terms  one  grade  lower,  you  may  change  two  of  the  terms  only,  viz.  one  of  the 
middle  terms  and  one  of  the  extreme  terms ;  thus  the  1st.  and  3d.  or  Che  Ist.  and  2d. 
may  be  taken  one  grade  less,  and  the  fourth  term  will  be  given  correctly  ;  but  if 
the  fourth  term  be  taken  one  grade  less,  you  must,  after  working  the  proportion, 
vrite  it  one  grade  higher,  as  is  evident.  To  illustrate  this  we  shall  give  the  follow- 
ing examples. 


EXAMPLE  I. 
If  in  iS*  10"  of  time  tlie  sun  rises  2«*  40^  how 
much  will  it  rise  in  3'  10'  at  the  same  rate i 
As     15*  10'    Prop.  Log.    ar. co.  8.9256 

Is  to  2<»  40'     Prop.  Log.  .0512 

£k>  is  S'  lO''    Prop.  Log.  J.7547 


T«    SS*  524*'     Prop.  Log. 


.7315 


EXAMPLE  n. 

If  the  sun's  declination  changes  16'  19".  in  21 
hours,  how  much  will  it  change  in  8h.  2m. } 

Here  the  1st  and  3d  terms  must  be  taken  one 
grade  less. 

As       24'    0'  P.L.  ar.co.  9.1249 

Is  to    16'  19"  P.  L.  1.042ti 

So  is    8'     2"  p.  L.  1.3504 


To       5*  2f ' 


P.L. 


1.517.) 


EXAMPLE  IIL 
If  in  I2h.  the  moon's  longitude  varies  7«  1' 
what  wUl  it  vary  lir  4h.  20m.  t 
Here  all  the  terms  must  lie  talien  one  grade 


As 

IS* 

0" 

P. 

L 

ar. 

CO. 

8.8239 

Is  to 

7 

1 

P. 

L. 

1.4091 

So  is 

420 

P. 

L. 

1.6186 

To  2'a2"2'"     P.L.  1.8516 

Wbleb  taken  one  grade  higher  is  2*  32^  3"  the 
rcqoired. 


EXAMPLE  IV. 
If  in  16^  the  sun  rises  S"  37'  how  urach  will  ir 
rise  in  3'  10"  f 
Here  the  2d  and  4th  terms  must  be  xakea  one 
eless. 
16'    0'       ar. CO.  P.  L.  8348f? 

Is  to      3  27  P.  L.  1.7175 

Sols     3   10  P.  L.  1.7547 


sr" 


To        0'  41"        P.  L.  2.1210 

Which  talien  one  grade  higher  is  41',  tlie  an- 
swer required. 


TABLE  XXIII.    For  finding  the  latitude  by  two  altitudes  of  the  sun. — The  mannrr 
of  using  this  table  is  eiplained  in  page  128,  et  seq. 


(  269  ) 

The  third  and  fourth  examples  may  be  worked  by  a  single  entry  of  Table  XXXr 
as  follows. 


EXAMPLE  m. 


Oiren  time  t^  N.  A.  May 
Long.  46"  iu  time   add 

Time  at  Greenwich 


d. 
S3 


4    0 
3    0 


23    7 


S\m*»  R.  A.  May  3S|  at  noon  liy  N.  A* 
Corr.  Tab.  XXXI.  for  7h. 

SuB*iR.  A.at4h.P.M. 
DifTeriug  Is.  from  the  former  method. 


0 

h.  m*  s* 

4    025 

1  11 


4    1  36 


d.    b. 
33  21 

t 


m« 

0 

0 


EXAMPLE  IV. 

Oiven  time  by  N.  A.  June 
Long.  120"  in  time 

Time  at  Greenwich  23   IS   0 

b.  m.  s. 

Sun's  R.  A.  Jone23.  at  noon  6    •    1 

Corr. Tab. XXXL forl2h.  2    5 

for   Ih.  10 

Son^s  R.  A.  21h.  Cm.  6   10  16 


If  you  wish  to  find  accurately  the  time  that  any  star  comes  to  the  meridiaDy  or 
the  time  of  rising  or  setting)  you  must  take  the  sun's  right  ascension  for  noon  at 
Greenwich^  from  the  Nautical  Almanac ;  then  the  star's  right  ascension  from  Table 
Vllf.  and  with  these,  find  the  approximate  time  of  rising,  setting,  or  coming  to  the 
meridian,  by  the  method  already  given  in  the  precepts  for  using  Tables  VIII.  and 
IX.  Then  calculate  the  sun's  right  ascension  for  this  approximate  time,  and  repeat 
the  operation  till  the  assumed  and  calculated  times  agreC)  and  you  will  have  the 
true  time  required. 

To  explain  this  method,  I  shall  give  the  following  examples. 

To  find  the  time  when  a  star  comes  to  the  meridian. 

EXAMPLE  L  I  EXAMPLE  n. 

At  what  time  was  Aldebaraa  on  tlie  meridian  off    At  what  time  was  Pollux  on  the  meridian  of  a 
a  place  in  the  longitude  of  70<»  Sty  W.  Jan.  2, 1820^  (place  in  the  longitude  of  70"  46'  W.  March  31 
sea  account? 
Jan.  S;  sea  account,  is  Jan.  1,  N.  A.  on 

whidi  day  the  san*a  R.  A.  at  noon  at     b.  m.  s. 

Greenwich  was  18  43  48 

Aidcbaran's  R.  A.  4b.  S5m.  S6f. 

Add  34 


1820,  sea  account? 

March  31,  sea  account,  is  March  30,  N. 

A.  on  wliicb  day,  at  noon,  tlie  sun's 

rif^t  ascension  was 
This,  subtracted  ftom  R.  A.  of  PoUux 


9  41  48 


XHlTerence  is  the  approximate  time 

JS'ow  calculating  the  sun^  'R.  A.  for  this  time  in 

thelonpof70»90' W.  h.m.   s. 

from  Greenwich,  I  tnd  it  was  1 8  46  27|The  sum  of  these  two  conections  is 

Aldebann>BR.A.-f  24h.  38  25  36 


True  time  of  condng  to  the  merid. 


9  39    9 


38  35  36  Approximate  time  of  southing 

Oorrection  of  the  sun's  R.  A.  from  Tab. 

XXXI.  for  thU  time  is 
And  for  the  kmg.  70"  46'  W.  of  Greenw. 


b.  m.  s. 
Q  35  41 
7  34  IT 

6  58  36 


4 
43 


1  4t 


wbid)  subtracted  from  the  i^proximate  time  of 
southing  eh.  58m.  36s.  leaves  the  true  time  ttu 
£6m.  49i. 


The  method  (used  in  the  last  example)  of  applying  the  corrections  to  the  approxi- 
mate time,  instead  of  applying  them  to  the  rignt  ascension  of  the  sun,  will  be  found 
the  most  expeditious ;  but  it  must  be  noted,  that  the  corrections  to  be  applied  to  the 
approximate  time  must  have  a  contrary  sign  to  what  they  would  have  when  ap- 
plied to  the  right  ascension. 

To  fytd  the  time  of  rising  or  setting  of  a  star. 
RcLE.  Enter  Table  IX.  with  the  declination  of  the  star  at  the  top»  and  the  latitude 
of  the  place  at  the  side ;  the  corresponding  number  will  be  the  time  of  the  star't  con- 
tinuance above  the  borisooy  when  the  latitude  and  declination  are  of  the  same 
name ;  but  if  they  are  of  different  names,  the  tabular  number  subtracted  from  12h. 
will  be  the  time  of  continuance  above  the  horizon.  Add  thb  time  to  the  star's  right 
ascension,  if  you  wish  to  find  the  time  of  setting ;  but  subtract  the  former  from  the 
latter  if  you  wish  the  time  of  rising.  From  this  sum  or  dilforence  subtract  the  son's 
right  ascension*  corrected  for  the  longitude  of  the  place ;  the  remainder  will  be  the 
approximate  time  sougbt.t  Enter  Table  XXXl.  with  the  distance  of  this  approxi* 
mate  time  from  noon,  and  the  daily  variation  of  the  son's  right  ascension :  tne  cor- 
rection corresponding  is  to  be  added  to  the  approximate  time  in  the  forenoon,  but 
subtracted  in  tne  afternoon,  and  you  will  have  the  corrected  time  of  rising  or  wtting. 


*  Increasing  the  number  from  wliich  tlie  subtraction  is  to  be  made,  by  34  luwrs,  when  Deeestary. 
t  R^ecting  24  hours  when  it  exceeds  24  hours.    If  tlie  time  of  rising  or  setting  be  vacvt  tban  I^k 
will  be  after  midnight  *,  but  if  less  than  12h.  it  will  be  before  midnigiit 


EXAMPLE  I.    Required  Ibe  Longitude  and  Latitude  of  a  Pegasi,  July  16, 1818  ? 

Latituile  by  TbUe  XXXVII.  19»  24'  44" 

Variation  1  jear  5  1-2  m.  luhi  0 


Lone,  by  Table  XXXVIL  1  Is.  20*  58'  44"  Latituile  by  TbUe  XXXVII.  19»  24'  44"  N. 

Var&tion  1  year  5  1-3  m.  sab.  1'  13   ~         ' 


19    34    44  N. 


Long.  Joly  16, 1818  11    20   £7  Si 

EXAMPLE  H.   Required  the  Longitude  and  Latitude  of  a  Pegasi,  July  1,  1822? 

Lonr.  bj  Table  XXXVIL  lis.  20«  58'  44' 

Varuition  2  1-2  yean,  add  2     5 


Long.  July  1, 1832  11    21      0  49 


Latitude  by  Table  XXXVIL  19*  34'  44"  N. 

Var.  2  1-2  years,  add  0 


LaUtude  July  1,1822  19  24  44   N. 


The  latitudes  and  longitudes,  thus  obtained,  are  the  mean  values.  When  great 
accuracy  is  required,  the  corrections  for  the  equation  of  the  equinoxes,  Table  XL. 
and  aberration.  Table  XLI.  must  be  applied. 

TABLE  XXXVIIl.  Rediutionoflaliludt  and  horiaonitdf  arallax. --This  XMe  con- 
tains  the  corrections  to  be  subtracted  from  the  latitude  of  the  place  of  observation y 
and  from  the  horizontal  parallax  of  the  Moon,  given  in  the  Nautical  Almanac,  iu 
calculating  eclipses  of  the  Sun  or  occultations.  Thus,  if  the  latitude  of  the  place 
was  40^,  and  the  Moon's  horizontal  parallai  57^  the  correction  of  latitude  would  be 
nearly — IV  Wy  and  that  of  parallax  —  4".l,  so  that  the  reduced  latitude  would  be 
39^  4o'  *y^,  and  the  reduced  parallax  56'  bb".Z,  These  values  are  to  be  used  in 
occultations,  but  in  eclipses  of  the  Sun,  this  parallax  is  to  be  further  decreased  by 
8''.8  for  the  Sun's  parallax.  When  the  latitude  is  not  given  exactly  in  tho  tablet 
the  two  nearest  numbers  must  be  found,  and  a  proportional  (lart  of  their  diflference 
is  to  be  applied  to  one  of  the  numbers,  as  usual.  In  calculating  (his  table,  the  ellip- 
ticity  of  the  earth  was  supfiosed  equal  to  ^^^,  as  in  the  third  edition  of  La  Lande's 
Afttronomy,  and  in  Vince's  Astronomy.  This  value  differs  but  little  from  j^T's 
and  -^l^togf  deduced  by  La  Place  from  two  lunar  equations  in  the  third  volume  of 
his  immortal  work,  La  Mecanique  Celeste.  In  the  second  volume  of  the  same  work 
he  calculated  the  elli{fticity  to  be  ^^  from  the  lengths  of  pendulums  observed  in 
different  latitudes,  this  calculation  corrected  for  a  small  mistake  in  the  numerical 
coefficient  of  j^  in  the  tenth  of  his  equations  A^'  becomes  ^|j  which  does  not  differ 
veij  much  from  the  value  assumed  in  this  table. 

TABLE  XXXIX.  Merration  of  the  Planett.^Thw  table  contains'the  aberration  of 
the  planets,  tc  be  applied  to  the  true  longitude  or  latitude,  with  the  same  sign  as  in 
the  table.  The  argument  at  the  side  is  the  elongation  of  the  planet  from  the  Sun ; 
that  is,  the  difference  of  their  geocentric  longitudes,  or  its  supplement  to  360^.  Thus, 
on  July  19,  1820.  the  longitude  of  the  Sun  was  3s.  26°  38',  the  Geo.  long,  of  Venus 
4s.  13^23',  their  difference  16°  45'  is  the  elongation  or  distance  from  the  inferior 
conjunction,  corresponding  to  which  is  the  aberration  -|-  3''  to  be  applied  to  the 
true  longitude  ^iven  by  the  tables  to  obtain  the  apparent  longitude.  The  aberration 
of  Mercury  is  given  at  its  greatest,  least,  and  mean  distances  from  the  Sun.  At  the 
intermediate  places,  a  proportional  part  of  the  differences  of  the  nearest  tabular 
nunibei*s  must  be  applied. 

TABLES  XL.  U  XLI.  Equation  of  the  Equinoxes  and  Merration  in  Longitude.-^ 
Table  XL*  contains  the  equation  of  the  equinoxes  in  longitude  common  to  all  the 
heavenly  bodies.  The  argument  is  tiie  longitude  of  the  Moon's  ascendins  node, 
given  in  page  3  of  the  Nautical  Almanac,  the  signs  of  longitude  being  found  at  the 
top  or  bottom,  and  the  degrees  at  the  side,  the  corresponding  number  with  its  sjgn 
is  the  equation  of  the  equinoxes  in  lungitude. 

Table  XLI.  contains  the  aberration  of  (he  stars  in  longitude  and  latitude,  to  be 
calculated  by  the  rules  at  the  bottom  of  the  tables.  The  signs  of  the  argument  being 
found  at  the  top,  and  the  degrees  at  the  side,*  taking  proportional  parts  for  minutes. 
The  corrections  of  longitude  found  in  these  tables,  are  to  be  applied,  witbJ|ieir 
signs,  to  the  mean  longitude  found  in  Table  XXXVIl.  and  the  correction  offlHhde, 
Table  XLI.  is  to  be  applied  to  the  mean  latitude  deduced  from  Table  XXaVII. 
Thus  on  July  16,  1820,  by  the  examples  at  the  bottom  of  Tables  XL.  XLT.  the  equa- 
tion of  the  equinoxes  was  -f-  l^'-^  and  (he  aberration  in  longitude  -f-  11''.5,  these 
corrections  being  applied  to  tlie  mean  longitude  of  the  star  deduced  from  table 
XXXVIL  lis.  20^^69'  11''  gives  its  apparent  longitude  lis.  20''  59'  24".    In  a  simi- 

*  TbedecTCes  in  this  and  the  followinj:  tabled  arc  to  be  found  in  theeolunin  inarlied  I)  ontbe  uinr 
rioriunilal  uoe  ^th  the  signs.  Thus,  if  the  f\sm%  are  at  tlie  top  of  the  table,  th^  dLLTcc  mu^t  I't 
fuund  on  the  left  oolumo,  otherwiie  in  the  right. 


TABLE  L 
Difference  of  Latitmle  and  Departure  for  i  Point. 


19 


TABLE  n. 

DiiTerence  of  Latitude  and  Departure  for  24  Degrees. 
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TABLK  11. 

Diflcronce  of  Latitude  and  Departure  for  37  Detrrecs. 
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L)iM.J>f-p.|  Lat._ 
'  [For  53  Uegreiss.   / 
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51> 


Difference  of  Latitude  and  J)ei)ai-ture  for  43  Dcltocs. 
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Lat. 
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TABLE  XXV. 

Of  Logarithmic  Sines,  Tangents,  and  Secants  to  every  Point  and  Quarter 

Point  of  the  Compass. 

Points. 

Sine. 

Co.  !!inc. 

Tangent. 

Co.  tang. 

Secant.    J  Co.  aecaiit. 

0 

Inf.  ncg. 

10.00000 

Inf.  neg. 

Infinite. 

10.00000 

Infinite. 

8 

0  k 

8.6*J0«0 

9.99948 

8.69132 

11.30868 

10.00052 

11.30920 

7  « 

0  i 

8.99130 

9.9971K) 

8.99340 

11.00660 

10.00210 

11.00870 

7  i 

0| 

9.1G652 

9. 99527 

9.17125 

10.82875 

10.00473 

10.83848 

7  k 

1 

9.29024 

9.991.07 

9.29866 

10.70134 

10.00843 

10.70976 

7 

u 

9.385,>7 

9.98679 

9.39879 

10.60121 

10.01321 

10.61443 

n 

9.46282 

9.98088 

9.48194 

10.51806 

10.01912 

10.53713 

I  * 

9.52719 

9.97384- 

9.55365 

10.4'^35 

10.02616  ,  10.47251 

6  i 

2 

9.582ii4 

9.96562 

9.61722 

10.38278 

10.0:)438 

10.41716 

6 

Z  k 

9.63099 

9.9.^j616 

9.67483 

10.32517 

10.04384 

10.36901 

n 

^h 

9.67,^39 

9.94.04:$ 

9.72796 

10.27204 

10.05457 

10.32661 

21 

9.71105 

9.90.J.15 

9.77770 

10.22230 

10.06665 

10.28896 

64 

3 

9.74^174 

9.91985 

9.82489 

10.17511 

10.08015     10.25526 

5 

3i 

9.77503 

9.90183 

9.87020 

10.12980 

10.09517     10.22497 

4  i 

34 

9.80236 

9.88819 

9.91417 

10.08583 

10.11181 

10.19764 

4l 

3| 

9.82708 

9.86979 

9.9.5729 

10.04271 

10.13021 

10.17292 

4* 

4 

9.84949 

9.84949 

10.00000  !  lO.OOOOCI 

10.15051 

10.16061 

4 

Co.  sine. 

bin*;.      1   Co.  tang.  1   Tangent. 

i  Co.  secant. 

Secaot 

PoinCs. 

TABLE  XXVL 

LOGARITHMS  OF  NVSIBERS. 

No 

.  1 100 

Log.  0.00000- — ^2.00000. 

N. 

Log. 

N.         Loj;. 

N. 

Log. 

N. 

Log. 

>-. 

Log. 

1 

0.00000 

21 

1.32222 

41 

1.61278 

61 

1.78533 

81 

1.90849 

2 

0.30103 

1.34242 

42 

1.62325 

62 

1.79239 

82 

1.91381 

3 

0.47712 

23 

1.36173 

•13 

1.63347 

63 

1.79934 

83 

1.91908 

4 

0.60206 

24 

1.38021 

44 

1.6^1345 

64 

1.80618 

84 

1 . 9S428 

5 

0.69897 

25 

1.39794 

45 

1 .65321 

65 

1.81291 

86 

1 . 92942 

6 

0.77815 

26 

1.41497 

46 

1.66276 

66 

1.81954 

86 

1.93450 

7 

0.84510 

27 

1.431.36 

47 

1.67210 

67 

1.82607 

87 

1 . 93952 

8 

0.90309 

28 

1.44716 

48 

1.68124 

68 

1.83251 

88 

1.94448 

9 

0.95424 

29 

1.46240 

49 

1.69020 

69 

1.83885 

89 

1.94939 

10 

1.00000 

30 

1.47712 

50 

1.69897 

70 

1.84.')10 

,90 

1.954S4 

It 

1.04139 

31 

1.49136 

51 

1.70757 

71 

1.85126 

91 

1.95904 

12 

1.07918 

32 

1.50515 

62 

1.71600 

72 

1.85733 

92 

1.96^9 

13 

1.11394 

33 

1.51851 

53 

1.72428 

73 

1.86332 

93 

1.96848 

14 

1.14613 

34 

1.53148 

54 

1.73239 

74 

1.86923 

94 

1.97313 

16 

1.17609 

35 

1.54407 

55 

1.74036 

75 

1.87506 

96 

1.97772 

16 

1.20412 

36 

1.55630 

56 

1.74819 

76 

1 .88081 

96 

1.98227 
1.98677 

17 

1.23045 

37 

1.56820 

57 

1.75587 

77 

1.88649 

97 

18 

1.25527 

38 

1.57978 

58 

1.76343 

78 

1.89209 

98 

1.99123 

19 

1.27875 

39 

1.59106 

69 

1.77085 

79 

1.89763 

99 

1.99564 

20 

1.30103 

40 

1.60206 

60 

1.77816 

80 

1.90309 

100 

2.00000 

1 

' 
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TABLE  XXVL 


369 


\ 


LOGARITHMS  OF  NUiMBERS. 


No.  100- 


-1600. 


Log.  (HHJOO 20412. 


I 


I 


No.    I 


100 
101 
102 
103 
104 


105 
106 
107 
108 
109 


oooool" 


1 


00432 
00860 
01284 
01703 


00043 
00476 
00903 
01336 
01745 


02119 
02531 
0S938 
03342 
037431 


110 
111 
112 
113 
114 


115 
116 
117 
118 
J119 

120 
121 
122 
123 
124 


04139 
04532 
0-1922 
05308 
05690 


125 
126 
127 
128 
129 


06070 
0C446 
06819 
07188 
07555 


07918 
08279 
08636 
08991 
09342 


02160 
02572 
02979 
03383 
0S785n 


04179 
04571 
04961 
05316 
05729 


0610M 
(HHBo 
06856 
07225 
07591 


00087 
00518 
00945 
01368 
01787 


02-iOJ 
02612 
03019 
03423 
03II22 


3 


04218 
04610 
04999 
05385 
05767 


ISO 
131 
132 
133 
134 


135 
136 
137 
138 
139 


140 
141 
142 
143 
144 

145 
146 
147 
148 
149 

150 
151 
152 
153 
154 


09691 

10037 

103801 

10721 

11059 


113941 

11727 

12057 

12385 

12710 


07954 
08314 
08672 
09026 
09377 


09726 
10072 
10415 
10755 
11093 


06145 
06521 
0G«:>3 
072C2 
07628 


07990 
08350 
03707 
09061 
09412 


13033 
13354 
13672 
13938 
14301 


14613 
14922 
15229 
155341 
15836 


11428 
11760 
12090 
12418 
12743 


09760 
10106 
10^(49 
10789 
11126 


11461 
1179r> 
12123 
12450 
12775 


13066 

13386\ 

13704 

14019 

14333 


16137 
16435 
16732 
17026 
17319 


,155 
156 

167 
158 

159 

Wo. 


17609 
17898 
18184 
18469 
18752 


14644 
14953 
15259 
15564 
I5G66 


13093 
13418 
13735 
14051 
14364 


16167 
16465 
16761 
17056 
173^48 


19033 

19312 

195901 

19866 

20140 

0 


17^38 
17926 
18213 
18498 
18780 


14675 
14983 
1.5290 
!'.594 
15897 


00130 
00561 
00988 
01410 
01828 


022-43 
02653 
03060 
03463 
03862 


16197 
16495 
16791 
17085 
17377 


19061 
19340 
19618 
19893 
20167 


17667 
17955 
18241 
18526 
18808 


19089 
19368 
19645 
19921 
20194- 


04258 

05033 
05423 
05805 


06183 
06558 
06930 
07298 
07664 


08027 
08386 
0874S 
09096 
09447 


00173 
00604 
01030 
01452 
01870 


02284 
02694 
03100 
03503 
03902 


0-4297 
04689 
05077 
05461 
05843 


06221 
06595 
06967 
07335 
07700 


6 


002171 

00647 

01072 

01494 

01912 


02325 
02735 
03141 
03543 
03941 


04336 
04727 
05115 
05500 
05881 


06258 
06633 
■07004 
07372 
07737 


08063 
08422 
0877S 
09132 
094U2 


09795 
10140 
1048^ 
10823 
11160 


09830 
10175 
10517 
108,->'^ 
11193 


08099 
08458 
08814 
09167 
09517 


11494 
11826 
12156 
12483 
12i!08 

TJiso 

1M50 
13767 
M082 
14395 


1 1528 
11 860 
12189 
12516 
128  U» 


14706 
15014 
15320 
1 5625 
15927 


16227 
16524 
16820 
17114 
17406 


13162 
13181 
13799 
11114 
24426 

14737 
1504J 
1535) 
15655 
15957 


09864 
10209 
10551 
10890 
11227 


00260 
00689 
01115 
01536 
01953 


02366 
02776 
03181 
03583 
03981 


8 


003031 

00732 

01157 

01578 

01995 


04376 
04766 
05154 
05538 
05918 


06296 
06670 
07041 
07408 
07773 


08135 
08493 
08849 
09202 
09552 


02407 
02816 
03222 
03623 
04021 


003461  00389 
007751  00817 
01199  01242 
01620  01662 
02036  02078 


ani5 

04805 
0*5192 
0.307^ 
059.^fi 


06707 
07078 
07445 
07809 


11561 

11893 
12222 
12548 
12872 


13194 
13513 
13830 
14145 
14457 


17696 
17984 
18270 
18554 
18837 


16256 
16654 
16850 
17143 
17435 


09899 
10243 
10585 
10924 
11261 


11594 
11926 
12254 
12581 
12905 


13226 
13545 
13862 
14176 
14489 


08171 
08529 
08834 
09237 
09587 


09931 
10278 
10619 
10958 
11294 


02^49 
02857 
03262 
03663 
04060 


0445'4 
04844 
05231 
05614 
05991 


06371 
Ofi74-4 
07115 
07482 
07846 


02490 
028^8 
03302 
03703 
04100 


04493 
04883 
05269 
05652 
06032 


Of)  408 
067C1 
07151 
07518 
078^2 


082(»7i 

0856.^: 

08920 

09272 

09621 


11628 
11959 
12287 
12613 
I2y37 


13258 
13677 
13893 
14208 
14520 


14768 
15076 
15381 
15685 
16987 


19117 

19396 

19673] 

19948 

20222 


11213' 


17725 
18018 
18298 
18683 
18865 


16286 
16684 
16879 
17173 
17464 


14799 
16106 
16412 
16716 
16017 


177641 
18041 
18527 
18611 

18893 


19145 
19424 
19700 
19976 
20249 


19173 
19451 
19728 
20003 
20276 


16316 
16613 
16909 
17202 
17493 


14829 
15137 
16442 
16746 
16047 


09y68 
10312 
106.53 
10992 
11327 


11661 
11992 
12320 
12646 
12969 


08243 
08600 
00955 
09307 
09656 


10003 
10346 
10687 
11025 
11.361 


11694 
12024 
123,')2 
12678 
13001 


13290 
13^9 
iS996 
14239 
14551 


17782 
18070 
18355 
18639 
18921 


19201 
19479 
19756 
20030 
20303 


16346 
16643 
16938 
17231 
17522 


14860 
16168 
16478 
15776 
16077 


13322 
136-40 
13956 
14270 
14582 


14891 
15198 
16503 
15806 
16107 


16376 
16673 
16967 
17260 
17561 


17811 

18099 
18384 
18667 
18949 


19J29 
19507 
19783 
20058 
20330 


17840 
18127 
18412 
186961 
18977 


19257 
19535 
19811 
20085 
20358 


16406 
16702 
16997 
17289 
17580 


17869 
18156 
18441 
18724 
19005 


192i;5 
19562 
198:^8 
20112 
20386 


■     ■  ■ 
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TABLE  XXVI.                 171 

J.OOARITUMS  OP  NUMBERS. 

No.  i200 iyoo. 

Log.  34242 447 1 6.       ] 

1  No. 

1   0   !   1     2  1   3 

4 

5 

6 

7 

8  1   9 

1  220 

34242 

342621  3  Wyy 

34301 

34321 

ai341 

34361 

31380 

31400 

3-H20 

221 

34439 

34159 

34479 

34198 

34518 

3-1537 

34557 

3-1577 

34596 

34616 

222 

34635 

3-1655 

34674 

34694 

34713 

3-1733 

34753 

31772 

34792 

31811 

223 

34830 

34850 

34869 

34889 

34908 

34928 

34947 

34967 

34986 

35005 

22'1 

35025 

35041 

35064 

35083 

35102 

35122 

35141 

35160 

35180 

35199 

225 

35218 

35238 

35257 

35276 

35295 

35315 

35334 

35353 

35372 

35392 

226 

35411 

35430 

354 1«J 

35468 

35488 

35507 

35526 

35545 

35564 

35583 

227 

35603 

35622 

35641 

35660 

35679;  35698 

35717 

35736 

35755 

35774 

223 

35793 

35813 

35832,  35851 

353701  35889 

35908 

35927 

3594f 

35965 

229 

35984 

36003 

3602 1 i  36040 

360591  36078 

36097 

36116 

36135 

'SrA5^ 

230 

36173 

36192 

36211 

36229 

36248  36267 

362  . 

36305 

3632'! 

36342 

231 

3636] 

36380 

36399 

36418 

36436  36455 

36474 

36493 

36511 

36530 

C32 

36549 

3656li 

36586  36605 

36624  36642 

36GGI 

36680 

36698 

36717 

233 

35736 

3675 1 

3677:^1  36791 

33810  36829 

36847 

36866 

36884 

36903 

234 

36922 

36940 

36959 
371U 

36977 

36996  37011 

0 

37033 
37218 

37051 
37236 

37070 

370.':8 

tS5 

37107 

3712,? 

!  37162 

37181  37199 

37251 

37273 

236 

37291 

37310 

37328;  37346 

37365  37383 

37401 

37120 

37 13H 

374.07 

237 

37475 

374i)J 

3751 1 1  37530 

37548 

37566 

37585 

37603 

37621 

37r;39 

238 

37658 

37676 

37C91 

37712 

37731 

37749 

37767 

37785 

37803 

37822 

239 

37840 

37858 

37S7f; 

37894 

37912 
38093 

37931 

37949 

37;'67 

3798.0 

38003 

2-10 

33021 

38039 

38057 

38075 

38112 

38130 

38118 

38166 

38184 

2-11 

38202 

38220 

3823r; 

38256 

38274 

38292 

38310 

38328 

38346 

38364 

242 

38382 

38399 

38417 

38435 

38453 

38471 

33489 

38507 

38525 

38543 

243 

38561 

38578 

38590 

38614 

38632 

38650 

38668 

38686 

3870;> 

38721 

244 

38739 

38757 

3877.J 

38792 

38810 

38828 

3JJS46 

33863 

38881 

38899 

245 

38917 

38934 

3b95i> 

38970 

38987 

39005 

39023 

39041 

39058 

39076 

246 

39094 

39111 

39129 

39146 

39164 

39182 

39199 

39217 

39235 

39252 

247 

39270 

39287 

39305 

39322 

39340 

39358 

39375 

39393 

39410 

39128 

248 

39445 

39463 

3948(r 

39498 

39515 

39533 

39550 

39.J68 

39585 

39602 

249 

39620 

39637 

39655 

39672 

39690 

39707 

39724 

39742 

39759 

39777 

250 

39794 

39811 

39821.1  39846 

39863 

39881 

398!>8 

39916 

39933 

39950 

£51 

39967 

39985 

40002  40019 

'10037 

40054 

'MKHl 

4^K)88 

401  Oti 

40123 

252 

40140 

40157 

4017.1  40192 

40209 

40226 

40243 

40261 

40278 

40295 

253 

40312 

40329 

4034/i  '10364 

40381 

40398 

40115 

40432 

40^149 

40I66 

254 

40483 

40500 

'10518J  40535 

40552 

40569 

40586 

-10603 

-10620 

40637 

255 

406:>-t 

40671 

40688^  40705 

40722 

40739 

'1075<J 

40773 

40790 

lOoO? 

256 

40824 

40841 

40858 

40875 

40892 

40909 

40926 

40943 

40960 

40976 

257 

40993 

41010 

41027 

4104 1 

41061 

41078 

41095 

41111 

41128 

41145 

258 

41162 

41179 

41196 

41212 

41229 

41246 

41263 

41280 

41296 

41313 

259 

41330 

41347 

41363 

41380 

41397 

41414 

414;W 

414*7 

41464 

41481 

260 

41497 

41514 

41531 

41647 

41564 

41581 

41597 

41611 

41631 

416-47 

261 

41664 

41681 

41697 

41714 

41731 

41747 

41764 

41780 

41797 

'41814 

262 

41830 

41847 

41863 

41880 

41396 

41913 

41929 

41946 

41963 

41979 

■ 

263 

41996 

42012 

42029 

42ai5 

42062 

42078 

42095 

42111 

42127 

421-W 

264 

42160 

42177 

42190 

42210 

42226 

42243 

42259 

42275 

42292 

4230S 

265 

42325 

42341 

42357 

12374 

42390 

42406 

42423 

42439 

42455 

42472 

266 

42488 

42504 

42521 

42537 

42553 

42570 

42586 

42602 

42619 

42635 

267 

42651 

42667 

42684 

42700 

42716 

42732 

42749 

42765 

42781 

42797 

268 

42813 

42830 

42816 

42B62 

42878 

42894 

42911 

42927 

42943 

42959 

1 

269 

42975 

42991 

43008  43024 

43040 
43201 

43056 

43072 

43088 
43249 

43104 

43120 

270 

43136 

43152 

43169  43185 

43217 

43233 

•13265 

•13281 

271 

43297 

43313 

43329  43345 

4^)361 

43377 

4;5393 

43409 

43  J  25 

434-11 

272  1 

43457 

43473 

43489  43505 
43648  43664 

43521 

43537 

43553 

43569 

43534 

43600 

273 

43616  43632 

43680 

43696 

43712 

'13727 

43743 

43759 

274 

43775  43791 

43807 

1 

43823 
43981 

43838 

4;}85'1 

4.W70 

48886 

43!K)2 
410o9 

43917 
'1  »»75 

1 

276 

43933!  439-i9 

43965: 

43996 

44012 

41028  44(W4| 

276 

4^91:  44107 

41122  44138 

4415-1 

44170 

4J185 

'H201 

44217 

41232 

277 

442481  44264 

'14279  41295 

44311 

4'1326 

4^1342 

44358 

44373 

4-1389 

278 

44404  44420 

4'!  136  44151 

44467 

44483 

4^1498 

44514 

'14529 

41515 

279 

44560 

4M'/6 

445921  41607 

44623 

44638 

4-1654 

'14669 

4-1685  41700 

No. 

0 

1     2  1   3  1 

4     5  » 

6  i   7  .1 

ii   ^    tj      V     V 

«nv  <^  < 
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TABLE  XXVI. 
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, 


iNo. 
No. 


•2:100- 


-:i  100. 


Lo^.  rtiTlrt- 


-ddl48. 


I     i..TT/v     i 


ro 


i:i;0 
2«4 


iJ8G 


120 1 


206 

298 
299 


SOU 
30t 
302 

304 


305 
30G 
307 
303 
309 


310 
311 
312 
313 
3U 


3ir> 

31G 
317 
318 
319 


320 
321 

323 
324 


32r> 
32C 
327 
328 
329 


3;}0 
331 
332 
333 
33t 


i<35 
336 
337 
338 
339 


4l:;71 

tr)0:r) 

4.')I79 
453321 


1      I      2 


41731 

4'i.aafi 

45040 
45194 


4  174"/ 
4i902 
450:)(; 
45209 
463(>2 


454W; 

45fi37 

457J{:] 

45939 

46090| 


•15500 
45G52 
45803 
45954 
4G105 


4«;2 1.0 
4ri3!l9 

4fi53;> 

4r>6.']7 
4(1835 


46255 
46404 
'16553 
4«702 
461{5U 


46982 
47129 

47276 
47422 
47567 

477T2'- 

47857: 

4«()0ll 

48144: 

4r.2«7: 


•I69l>7 
4714 1 
47290 
47K56 
475n2 

"47727 
47871 
4S015 
43159 
48302 


45515 

'lH">fi67 
45318 
45969 
46120 


3 


4-1762 

44917! 

45071 

45225 

45371! 


4_ 

"44778 
41932 
45086 
45240 
45393 


45530 
45682 
4683-1. 
45984 
46135 


5      I   6 


44793I 
4494H 
45102 
45255 
45408 


--  i7() 
46419 
46568 
-l'i716 
46861 


47012 
47159 
47305 
47451 
47596 


48430 
48672 
43714 
48055 
48996; 

49136 
492761 
49415 
49564 
49693 


484^U 
48586 
48728 
48869 
49010 


49150 
49290 
49429 
49568 
49707 


49831 
49969 
50106 
60243 
60379 


49845 
49982 
50120 
60256 
50393 


47741 
47835 
48029 
48173 
48316 


46285 
46431 
46683 
46731 
4^1879 


45545 
45697 
45849 
46000 
46150 


4702t; 

47173 

47319" 

4746J> 

47611 


46300 
46449 
46598 
46746 
46891 

"'47"04T 
47188 
47334 
47480 
-17625 


46561 
45712 
45864 
46015 
46165 


46315 
46464 
46613 
46761 
46909 


41809 
.U963 
45117 
45271 
4.^423 


44824  4484U 


44979 
45133 
45286 
45-139 


45576 
45728 
•15879' 
46030 
46180 


•15591 
45743 
4.')C94 
•tt045 
46195 


44994 
4^148 
46301 
45464 


45606 
45758 
46909 
46060 
46210 


48458 
4S601 
48742 
48883 
49024 


49164 
49304 
49443 
49582 
49721 


50515 

60651 

60786| 

60920 

51055 


51188 
61322 
51k'>5 
61587 
51720 


60529 
50664 
60799 
50934 
51068 


51851 
61983 
521  U 
52214 
52375 


51202 
51335 
51463 
51(i01 
51733 


49859 
49996 
60133 
60270 
60406 


50512 
60678 
50813 
50947 
51081 


4775ii! 

479U0J 

480411 

48187 

4833(J 


48473 
48615; 

48756i 
438971 
4903^1 


•r7770 

47914 

48058 

48202 

jl.8344 

"48487 
48629 
48770 
48911 
49052 


49178 
49318 
49157 
49596 
49731 


49192 

4933i 

49471 

49610 

49748 


47056 
47202 
47349 
47494 
47640 


47784 
47929 
48073 
48216 
48359 


48501 
48643 
48785 
48926 
49066 


49206 
49346 

49486 
49624 
4976^^ 


49872 
50010 
50147 
60284 
50420 


51215 
513-18 
51481 
61614 
51746 


52WH 
62634 
627t;3 
62892 


51865 
51996 
62127 
52257 
52388 


51878 
52009 
521-yj 
52270 
52401 


50556 
50691 
50826 
50961 
61095 


49886 
50024 
50161 
60297 
50433 

"50569 
50705 
508-10 
50974 
51108 


5l22;f:  51212 


5136i 
51 195 
51627 
51759 


51891 
52022 
52153 


5J.>l7i  62530 


52647 
52776 
52905 


62660 
52789 
52917 


51375 
51500 
516-U) 
51772 


49900 
50037 
60171 
50311 
50447 


4633U 
46179 
4';'»:7 
4';776 
46923 

T707li 
47217 
473i;.i 
47509 
47651 

"17799 
47913! 
48H87: 

^48230 
48373 


46345 
46494 
46f;42 
46790 
46938 


47085 
47232 
47378 
47521 
47669 


48515 
48657 
48799 
48940 
49080 


49220 
49360 
49499 
49638 
49776 


50583 
60718 
60853 
50987 
51121 


51904 
51-035 
52166 


52281    52297 
52  mj  52427 


So. 


t 


63020i  63033  530-16 

T~\~^"~\" 


52,»43|  52556 
526731  62686 
62802  52815 
52:>:<0  529  W 
53058!  «i;m71< 


61255 
61388 
51521 
5166-1 
51786 


49914 
50051 
60188 
50325 
60461 


50596 
60732 
60866 
51001 
61135 


47813 
47958 
48101 
48241 
48387 


48530 
48671 
48813 
48954 
49091 


49234 
49374 
49613 
49651 
49790 


49927 
.•;0065 
60202 
60338 

60474 


44665 
45010 
46163 
46317 
464(;9 


46621 
46778 
46934 
46075 
46225 


16359 
46509 
46657 
46805 
46963 


•16374 
46623 
46672 
46820 
16967 


47100 
47216 
47392 
47538 
47683 


47828 
47972 
48116 
48269 
48401 


48544 
48686 
48827 
48968 
49108 


49248 
49388 
49627 
49C65 
49803 


49941 
60079 
60216 
60352 
60488 


51268 
51402 
61534 
51667 
51799 


51917 

52048 

52179 

52310. 

521-M) 

52569. 

52699 

52827 

53956 

530S4 


60610 
50745 
60880 
51014 
51148 


51282 
61415 
51518 
S1680 
61812 


51930 
52061 
62192 
62323 
524.>Si 

"52582 
52711 
62840 
52969 
53097' 


619-13 
62075 
52205 
52336 
52466 


60623 
60759 
60893 
61028 
51162 


51295 
51428 
51561 
51693 
61825 


51957 
52088 
62218 
52319 
52179 


52595 
52724 
52353 
52982 
53110 


0 


'\- 


\ 


n 


■(" 


VI 


47114 
47261 
47407 
47553 
47698 


52608 
52737 
52366 
52994 
5MZ2' 


47842 
47986 
48130 
48273 
48416 


48668 
48700 
48841 
48982 
49122 


49262 
49402 
49541 
49679 
49817 


49955 
50092 
60229 
50365 
50501 


60637 
50772 
50907 
51041 
51175 


51308 
61441 
51574 
51706 
61838 


61970 
62101 
52231 
52362 
52492 


52621 
52750 
52879 
53(Hry 
63135 


1' 

■ 

i 


TABLE  XXVI. 
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IT3 


No. 
No. 


310 
342 
314 


i  .'j3I4 
5327.^ 
63i0;j 
.')3.')2I> 


34<i 
347 
343 
349 


3.y) 
3.)1 
3i)2 

354 


35o 
3;^ 
357 
358 
359 


3(12 
3G3 
364 


54f)3a 


-KM  10. 

IJ  J 

53i(;i| 
5r.2n{; 

53415 
53.')4'J 
5.J(iG:! 


l.tyj.  ;iM  JM- 


-♦i02l)6. 


5317,} 
53301 
5342a 
53555 
53(1 :  { 


5t407 

54531 

54(154 

5477 

5-lf«00 


55023 
5514.J 
55267 
5533:) 
55509 


365 
366 
367 
368 
369 


5563U 
55751 
55871 
65991 
56110 


370 
371 
372 
373 
374 


375 
376 
377 
378 
371) 


380 
381 
332 
383 
384 


56229 
56348 
56467 
56585 
56703 


5379* 
53920 
51045 
54170 

54295 


5^141 9i 
5-15  VM 

517:Mj! 
54913J 


53007 
5393.) 
5405.'i 
54183 
54307 

5  J555 
5J'u9 

54:;o; 

5492.> 


I 

5i:ii)i;! 
53.:i4l 

53441 
535ti7 
53694 


4 

5;;il;.) 
y.>.v.ij 
5.U53 
535n0 
537  0( 


53::20j 
539  i5{ 

54195' 
r>J320 


53!»5n 
54083 
5-t208 
51332 


54  til 
5  ^.jfl." 
5ir;9! 
51'.iM 
51-937 


55035 
55157 
55279 
55'WJO 


557  G3 
55883 
56003 
56122 


56820 
56937 
5705 1 
57171 
57 


287 


57403 
57519 
576.'i.J. 
57749 
57864 


56241 
56360 
56-178 
56097 
56711 


550  n 
55169 
55291 
551.13 
55534 


55654 
55775 
55895 
56015 
561 3^t 


55061 » 
551:;  J 
55303 
55425 
55546 


556Li'i 
55787 
55907 
56027 
56146 


54I5'i 
5l-.'>;.() 
5t7.'!l 
5  ^:;27 
5!91-9 


5507-: 
55191 


5555f> 


5579!' 
5591  If 
5603ii 
56158 


;> 


(• 


5.iJi:( 

533.S9: 

53i(;G| 
53593; 
53719' 


532JI,  5:;237 
5335:1  5;i364 


53479 
53605 
5:*i732 


53191 
53618 
53741 


53970, 
54095 
M220| 
54345: 

51W:', 

5|:,93j 

5K16 

518391 

51-962! 

'/iy'oiiTj' 
55206 


53:;57|  53870 

53983:  53995 

541081  54120 

dn',S.i\  54245 

543571  54370 


5.;315'.  55323 
55437  ^"5119 
55570 

551)91 
55.J1I 
55931 
5(;050 
56170 


541811  54191- 

54r,05!  54617 

517281  54711 

5Jo'5i;  51-86-1 

5^974'  5HJo6 

55096 
55218 


569 19 
57r>66 
57183 
57299 


385 
386 
387 
388 
389 


390 
391 
392 
393 
394 

"395 
396 
397 
398 
399 


57978 
58092 
58206 
58320 
58433 


58546 
58659 
58771 
58883 
58995 


59106 
69218 
59329 
59439 
59550 


59660 
59770 
59379 
59988 
6OO97 


No. 


0 


57415 
57530 

57646 
57761 

57875 

7>7990 
58104 
58218 
6.8331 
58-144 


56372 
56490 
56608 
56726 


56265 
56384 
56502 
56620 
56738 


56841 
56961 
5707  « 
57194 
J»73I0 

"57426 
57512 
oihoi 
57772 

..<  f  •Mi  t 


56855 
56972 
57089 
57206 
57322 


58557 
58670 
58782 
58894 
59(H)6 


59118 
59229 
59.no 
591,W 
59561 


59671 
59780 
59890 
59999 
•10108 


I 


581K)1 
58115 
58229 
58343 
5fJ  156 


58569 
58681 
58791 
58906 
59017 


5743« 
57553 
57669 
.57784 
67.'19;) 

"58()T.\i 
58127 
58240 
58354 
50167 


56277 
56396 
56514 
56632 
56750 


568*67 
56984 
57101 
57217 
57331 


57419 
57565 
57680 
.57795 
57910 


56289 
56407 
66526 
56644 
56761 


55310 
55161 

55::82j 

T5T(l3 
55823 
559 13 
5606- 
66182 


5510;; 
55230 
5.'i352 
55173 
5559 1 


56.{01 
56419 
56538 

56773 


557 1 5 
55835 
5.>95."» 
56074 
66194 


.MJ312 
66431 
56549 
56667 
56785 


532.>0 
53377 
.5350^1 
53631 
53757 


53882 
.'>-10{»8 
61133 
54258 
b^U¥y2 

51.-)0(i 
54(i3f) 
5175.4 
54876 
54998 


9 


53263 
53390 
53517 
5:J643 
537*;9 


53.J95 
54020 
5^U4>'i 
i^l270 
64394 


51518 
54642 
54765 
51888 
5.V.)11 


55121 
,55212 
55864 
55485 
5560(; 

55727 
55i47 
55967 
6608(i 
56205 


66324 
56^143 
56561 
oGGlii 
56797 


.06879 
56996 
.'J7113 
57229 
57345 


56891  oGdOZ 
57008  670  H» 
57124  57136 
57211  572.1 
57357i  57368 


57461 
57576 
/»7692 
57807 
57921 


58580 
58692 
50805 
68917 
59028 


59129 
59240 
59351 
59461 
69572 


596;  {2 
59791 
59901 
60010 
60 11 9! 
-.7-1 


5802-1 
58138 
.'>K252 
533<')5 
53178 


58591 


68035 
68149 
58263 
58377 
6849f) 


58602 


58704  58715 


68816 
58928 
59040 


59110 
59251 
59362 
59472 
59583 

59693 
59.802 
59912 
60021 
60130 


59151 

59262 
59373 
59183 
59594 


-I—. 


5747.i 
67588 
57703 
67818 
57933 


58047 
58161 
58274 
68388 
5C501 


3 


.')9701 
59813 
.■)9923 
60032 
601 11 
■"".~i 


58827 
58939 
59051 

"59162 
59273 
.'•!».{84 
59 IIM 
59(i05 

"597  r5 

59824 
59934 
60043 
60152' 


58614 
68726 
58838 
68950 
59062 

59T73 
59284 
59395 

59506 

7>9726 
59:. '35 
59915 
6(KI51 


574:54 
57600 
57715 
57830 
57944 


58058 
58172 
68286 
68399 
68512 


68625 
58737 
58850 
58961 
59073 


59184 
.59295 
5!)406 
.yj5I7 
59627 


59737 
59:rl'i 
59956 
60065 


56914 
67031 
.')71 18 
67264 
573M0 

"6749^ 
67611 
67726 
57841 
57955 


55133 

i).)'2jo 
55376 
55197 
55;;  1 8 


557.^9 
55859 
55979 
56093 
56217 


56.^36 
56455 
56573 
.')6691 
56808 


68070 
68184 
68297 
68410 
68524 


68636 
68749 
58861 
58973 
69084 


69195 
59306 
59417 
59528 
5U638 


59748 
59857 
59966 
60076 


56926 
57013 
57159 
57276 
57392 


57.J07 
57623 
67738 
67852 
57967 


58081 
68196 
58309 
63432 
68535 


58647 
58760 
58072 
68984 
69095 


59207 
69318 
59428 
59539 
59649 


601731  601'fl| 


59759 
59868 
59977 
60086 
60195 


I 


^s 


\ 


i:: 
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-OMUO. 


Li>i;.  71«;(K»- 


-76343. 


»      I      ^      I 


.1. 


5 


a 


1 


-.  i2ir,ii 

'  72-2»j.v 


530 


7:.je:: 
7:jt»l' 


9S2 

7:51M. 

563 

7267.V 

.YM 

jj.> 

-i::;;V, 

536 

7:'Jlo 

537 

7i."Jl>7 

533 

IMHU 

539 

73I51» 

540 

73-:3yi 

oil 

733i(« 

542 

7340" 

o^lS 

734;  :0 

54t 

73;:Gt' 

■ 

645 

73b  iO 

546 

737 1'j 

547 

73799 

548 

73u7li 

549 

550 

71036. 

551 

74115 

652 

'1194 

653 

74273 

654 

7^351! 

555 

744:i'| 

556 

74507 

657 

745o3 

658 

7 166  0 

559 

7^741 

560 
561 
562 
663 
564 


1^^ 


I  7l.:li.,  7 

71974!  7 
'  75051 
75121  7 


5b5 
56G 
567 
668 


;  75:«j:m 

!  752;;. 

'  75.i5o;l 


S7b 
676 
677 
678 
679 


751*67 ! 
76'J42 
7uIlS 
76193 
I  7626S 

'     o" 


716";.' 

7169. 

1 1  i  I.I 

71i!5;.' 

71911 

72":k 

7:n»7. 

72i:;9, 

72272 

72354- 

72436 

";2.)l:V 

72591*. 

726::  r 

72762 

72..  i3 

IVjlt 

731MS.;. 

73(»}.6 

7.il67 

732*7 

7332-:; 

73Uim1 

73r;::: 

—  » ■  l'  .  ■ 

f.xilK- 

73727 

73:  .07: 

73::  '.6" 

73!».;.„ 

7Mi;{ 

7412.> 

74il'2 

742:;.'i 

743.V.': 

7ii37: 

74.jl.'i 

74.-.9.'- 

71671, 

74719: 

- ...  - 
1  » ••  1 

7;9"!. 

749.1. 

7505:. 

75136' 

"Y.Tjf.'? 

:.■:■:■.:' 

7.":.J'I''», 

75  U- 

75..«19 

75./:«5, 

7.v;7i. 

757  17 

<•';.'  J-.« 

75'.;'i' 

75L»i  -t 

7  6051' 

76I2j 

•;n20o' 

76275: 

71617 
717f«(» 


7Hj25 
7I70J 


717;;4j  71792 
l;;67;  7l:^75 
19.)'''  719.>o 


Ji.JC    72«I41 

2115    72123 

7219:!-  722U6 

722:;i»'  722"!-: 

~Z6*',l.  7237«» 


2414    7215i 

)i:iJ''\  72534 

726U7    726  h: 

-"  '\\\'\-    ',  2697 

*277'i-  7:779 


''iV.bZ  72';ii«i 
:\\X\  7, .'4 1 
.;i»ll.  1M}11 

7301H"  73 in: 
.il75,  7.J1  ;■».'• 


6V\\,\  7.;i2i 
31961  735111 
ojiO     i«M<i4 


71631 
1717 

7i:;ou 
I3;';3 
711'66! 


2lM9i 
72132; 
72211: 

722116. 


216U.  72169. 
2512!  72550: 


2177  72435  7i493  7i501 

2.)5S  7i5«37;  72575  72a»S 

72621!  72632!  72640.  7264S'  726a6.  72666 

.2722  72730!  72733  72746 

72303  7281ll  72.119  72827 


•.  I  ■  ■  I  I      I  «  I  Jit; 


2.'J76: 
2l».>7' 


6*u-i^.  73116  1 
3735  7374J 
■3:il5.  7:'^j;23 

3S9l"  7.i'.li.i2 
3973    i.''J;l 


72.J:;1  723921  729(.HJ  729U8 

72Uti5  72973!  729S1  72989 

7.;0.'.ii    7.)03;;i  73..H6'  7r>054   73062  73070 

7;>IHi  7.Jn9;  73127  73135   73143  73161 


7.;  Ill  1 1  73199! 


7.i5i:  735:<»j  73521V  73536  73541  73a52 
7.vsi. '  7.;.!f'M>  7.«;n:'.  7361  r.i  73624  73C32 


40.1 2  74"mi 
4131  71131. 
4210  7UI.: 

*42.j.';:  74:96 

71415.'7  li'ujCl 
71523    7l.-..".ll  7 

"i6'ir  7r;':;'}  7 

1679    716  ;7i  7 

47. »-  7:76i;  - 
Ti3i:~7"iyl:.' 

11' 12:  74l»:<»l 
49:  :9'  749H7'  * 


.'•':■•»,    i.il'il     t 
..1  !.J    7.)15I 


.*37  I  7."'.>»:1  ■ 

5. '26  7.">."""..'  t 

.";6L'..i  7..'".!' 

5'.7:*j  ".v;  '■ 

.■*  •i.'w'i  I .  •  J '; « 

vl.I.>|l  I. *•>■■•    . 

!  7.-'jU 

6057 
6 1 33 
•".201; 


I. 


1'  * 


760l5 
7611-1. 
76215'  - 


I  rit: 


1612    7I651»  71659!  716671  71676 

172j,  71731  71742;  71750!  71769 

71U09:  71317  7lb251  7l834i  7IS42 

1892    719IH)  7190o-  71917!  71925 

19::3  71991'  71999   72008 

2066  ~72074  "72082    72090 

2118  72156;  72165   72173 

"2230  72239,  72247"  72-255 

2313  72321!  72329    72337 


2057. 
-2140' 


-2301, 
23.  :7 


27  05 1 


-271.:$:  "'"''  '*" 


2:'!i' 


3:72 
•i3.">2 

313: 


i»J«IJL'.         ••fa.UII,         l*Jm,^r\f 

73. -.60    73368    7337C 


.>67- 
,>(.)] 

3;:.io 

.)!•  :i* 

4147 

422.) 

i:>:!l 

743s: 

i7«r^ 

4.:..i:' 
1617 
16  IK? 
1:7: 


-367111  - 


4 ;."»' «' 

4927 
5005 
50..  2 
51.11' 


.  .  .i  - 

.!«•>    I-  i 

;^.:i:!  7 

5.:.  i.j  7 

.ii't.j.  , 
.1.1 1  -' 

^: ■  *i  : 

n\'\  7 

;^;.:i,  7 


•i«i*- 
.;i4.' 


1975: 


72.195    724'J3    72111    72419 


73207    73215!  73223:  73231 


32!J0: 


il     T  JTOi'"     *? 


3440 


I  - 


.57.J9 

39I:j: 
39;'7| 

Tofi";: 


tll'i"    I 


17M. 

17  ti 


1    "  .* 


I  2 


.1  • 


.>24,* 

.')."»li7 
5 17  •. 


..  •.  -I . 

'  ^  -i 

.v.-2r  7 

62.if» 


•  )«Oii, 


.J44rj   73'156 


Mt''\i\ 


3767  737751  737C3I  73791 
SJJli/  738541  "3862!  73870 
392»'.'  73933  73941.  73949 
1005    71013"  7.14J20   74028 


}7!«i 

i7:«o 


3296 


7330^  73312 
733iU  73392 
73464  73472 


.k'.95i  737031  73711 


44iol  71U92.  7*099    74107 

lljji  71162  74170   74173    74186 

12.i3'  74241  74249'  74257,  74265 

l.)12    74320  74327!  74335   74313 

1.390    71.J9.:  74i06-  74414:  74121 


1176    71131    74492    71500 


1.:17.  'tV.OX    71562j  74570  74678 

46211  74*;.; 2    74640|  746431  74*356 

471::;  74726  74733 

171"?    7iri03  7  IS  11 


4:>:5   74;;7.>  7t,::!l    74L?}i9 


7k'3.>l  71913    719.'>0i  7  ll»5.=J    74lH>6 
.W12 

oil.': 


.•ii»20  7502;:!  7:.;n35'  75043 
i*x\'l  7.)lii5:  75113  75120 
5171  7."'lc.:-  75 IS.'  751  y7 


75i!74 


52.;  1  752.7l«    i.i-/ 

5.>  J  ■■«  7 53.1."»    7  53 1 .»   7."j35  1 

V'rt'V  75412;  75»2o    75127 

5:   l-  :54'v::  75;:-.*    75504 

."»"».'-.7  7."?.V*.5    75572.  7."».j.';0 

.-i-.i..  ...oil 

.•:7il' 

o t-  •> 

'-:  i\\  7o"*6 
5l-.»7 


.i7I7»  7.-'7't i-  7.'^73'i 
579.y  7.r. :.-.■■■  7.>sn3 


.■v'44'  75.02J  759.V3 

•".niJ    76C=-«>  7i't'27|  7'"i03o 

f.o;7'  7»:0.V'.  76103|  76110 

6W0    7t;i70i  76178  761S.7 

62.5./  7t".:i5'  76153  76i60 


I      \ 


-•wl^U  riv^J.y  !■'•«•'  iw^ifv  M  \J  ^m^M'j  w  ^  •  ^  w\M  f."*^*'  «  "  v^-^^^ 

uZ^Vy.  7n:f.iil  76.;'':    7'..'05'  76.SI.-    7'"..i2o]  7i'..i2':    luo^b 
~~\~"X\     ^'  ;r~:     6     !     7     I     n     :       9       | 


-»^ 
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LOGARITHMS  OF  NUMBERS. 


iNo.  7000- 


iGOO. 


Log.  81510- 


-»8081. 


No. 

700 
701 
702 
703 
704 


706 

706 
707 
708 
709 

710 
711 
712 
713 
714 

716" 

716 

717 

718 

719 


720 
721 
722 
723 
724 

725 
726 
V27 
728 
729 


730 
731 
732 
733 
734 

736 
736 
737 
738 
739 


740 
741 
742 
743 
744 


746 
746 
747 
748 
749 

"750 
751 
762 
753 
754 

756 
756 
767 
758 
759 

No. 


84510 
84572 
84634 
84696 
.84767 


1 


o 


84819 
84880 
84942 
85003 
85065 


8451G! 
34578 
C4640 
84702 
84763 


84iJ25 

84948 
85009 
85071 


8612b' 
86187 
852-itJ 
85309 
85370 


85131 
85491 
85652 
86612 
85673 


851.32 

85J51 
853 1:» 
8637(; 


J55437 
a5-W7 
8.W.18 
85618 
86679 


86733 
85794 
85854 
85914 
85974 


86034 
8609-1 
86153 
86213 
86273 


86332 
86392 
86151 
86510 
86570 


86629 
86688 
86747 
8680G 
86864! 


86923 
86982 
87040 
87099 
87157 


87216 
87274 
87332 
87390 
87448 


85739 
85800 
85860 
85920 
859S0 


86040 
86100 
86159 
86219 
86279 


8633J 
8G391; 
86457 
G6516 
86576 


86635 
86694 
86753 
86812 
86870 


86929 
86988 
87046 
87105 
87163 


87221 
872S0 
87338 
87396 
87454 


I 


3 


815;12 
815JM 
8161(i 
84708 
F1770 


848;.n 
84893 
84954 
85016 
85077 


uDlOu 

8;jiyy 

85260 
«;j321 


85 1 1.> 
85503 
85561 
85625 
85685 


85745 
85806 
85}i66 
85926 
8.79b6 


86046 
86106 
86165 
86225 
86285 


86344 
86404 
86463 
86522 
865H1 


86611 
86700 
86759 
86817 
86876 


b6935 
86991 
87052 
87111 
87169 


I 5     ■ 6 


;MjJ8 
845yo 

84652 
8471  i 

<ir/76 


81535 
815U7 
84658 
84720 
84782 


wVoo  /  j 
81,99 
8496(1 
85022 

8508,S 


80114 
«520.i 
85266 
85327 
85388 


85149 
855(19 
85570 
85631 
8569  J 


85751 
85812 
85872 
85932 


86052 
86112 
86171 
86231 
86291 


86350 
86410 
86469 
86528 
86581 

"8664(5 
86705 
86764 
86823 
86882 


87506;  87512 
875641  87570 
87622'  '"^ 

87679, , 

87737)  87743 


87628 
87685 


87795 
87852 
87910: 
87967 
88024 


87800 
87858 
87915 
87973 
88030 


87227 
87286 
87341! 
87402; 
87460; 

"87518 
87576 
87633 
87691 
87749 


86941 
86999 
87058 
87116 
B1115 

87230 
87291 
87349 
87408 
87166 


87523 
87581 
87639 
87097 
87754 


87806 
87864 
87921 
87978 
88036 


87812 
87869 
87927 
87984 
88041 

«3 


84814 
84905 
84967 
85028 
85089 


85150 
85211 

85272 
853;W 
85394 


85155 
85516 
85576 
856o7 
85697 


85757 
85818 
85878 
85938 
85998 


86058 
86118 
86177 
86237 
86297 


86356 
86415 
86175 
86534 
86593 


86652 
86711 
86770 
86829 
86^88 


i:4541i 
81603; 
84665| 
8l7'?(i, 
84788' 


8  lii.'KJ 
84911 
81973 
85034 
85095 


85156 
85217 
85278 
85.J39 
85400! 


80461 
85522 
8^582 
85(M3 
85703 


85763 
85824 
85884 
85944 
86004 


86064 
86124 
86183 
86243 
86303 


86362 
86421 
86481 
86540 
86j99| 


86658 
86717 
86776; 
86835! 
86891: 


86917 
87005 
87064* 
87122 
87181 


'^7239 


t*  I 


87297 
87355 
87413 
87471 

87529 
87687 
87645 
87703 
87760 


87818 
87875 
87933 
87990 
88047 


86953 
87011 
87070 
87128 
87186 


87245 
87303 
87361 
87419 
87477 

87536 
87593 
87651 
87708 
87766 


87623 
87881 
87938 
87996 
88053 


81547  815;)3 

84609 

81671 


84615 
81677 
81739 
84794  jj4;;0(» 


847oo 


<J4i></0 

84917 
81979 
85040 
85101 

85163 
85224 
85285 
85345 
85  UM3 


8.>467 
85528 
8j588 
85649 
85709 


85769 
85830 
86890 
85950 
86010 


86070 
86130 
86189 
86219 
86308 


86368 
86427 
86487 
86546 
86605 


86604 
86723 
86782 
86841 
86900 


86958 
87017 
87075 
87134 
87192 


87251 
87309 
8736? 
87125 
87483 


87541 
87599 
87G5G 
87714 
87772 


87829 
87887 
8794-1 
88001 
88058 

6 


84862 
84924 
84985 
85046 
85107 


85169 
85230 
85291 
85352 
M5412 


8  J-559! 
84621] 
84683 
847  \^ 
81807 


81566 
81628 
8a>89 
84751 
84813 


84868 
84930 
84991 
85052 
85114 


85175 
85236 
85297 

oOuno 

85418 


81874 
84936 
84997 
85058 
85120 


85473 
85534 
85594 
85655 
85715 


'i'i      fl-VlTIi 


85775 
85836 
85896 
85956; 
^6016! 


8.M79 
85540 
856(X) 
85661 
85721 

85781 

85842' 
85902; 
85962 
86022 


85181 
85242 
853C»3 
85364 
8v>425 

85485 
85546 
85606 
85667 
H5r21 

85788 
85848 
85908 
85968 
86028 


80076 
86136 
86195 
86255 
86314 


86374 
86433 
86493 
86552 
86611 


86670 
86729 
86788 
86847 
86906 


86964 
37023 
870  J 1 
87140 
87198 


86082 
86141 
86201 
86261 
86320 


86088 
86147 
86207 
86267 
86326 


86380' 
86439, 
86499! 
865581 
86617 


86676, 
86735 
86791 
86853! 
8691 1 


86386 
86446 
86504 
86564 
86623 

86082 
86741 
86800 
86859 
86L;I7 


b6970  86976 
870291  870.55 
87087!  87093 
8'7146|  87151 
87204'  87210 


87256 
87315 
87373 
87431 
87189 


8r'62| 
87320 
87379. 
87137' 
87495! 


87547 
876ai 
87662 
87720 
87777 


87835! 

87892i 

879o0 

88007 

83064 


87552 
876101 
87668, 

877261 
87783! 

'8784T'" 
87898, 
87955: 
88013, 
88070 

~~8"~r 


87268 
87326 
87384 
87412 
87500 

875'58" 

87616 

87674 

87731 

87789 


I 


87846 
87904 
P7961 
88018 
83076 


IDeg. 


TABLE  XXVI  I. 

Log.  Sines,  Tangents  and  Secants. 
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Pegs.  178. 


Co-secant 


I 


M. 


0 
1 

2 
3 

4 


6 
6 

7 
8 
9 


HourA.H. 


Hourp:M 


0  0 


11  52 
51 
51  44 

51  36 
51  28 


11  51  20 
51  12 
51  4 
50  56 
50  48 


10 
11 
12 
13 
14 


15 
16 
17 
18 
19 


20 
21 

22 
23 
24 


25 
26 
27 
28 
29 


11  50  40 
50  32 
50  24 
50  16 
50  8 


11  50  0 
49  52 
49  44 
49  36 
49  28 


8 
8 
8 
8 
8 


0 

8 

16 

24 

32 


8 
8 
8 
9 
9 


40 
48 
56 
4 
12 


0  9 
9 
9 
9 

9 


20 

28 
36 
44 
5t 


0 


10 
10 
10  16 

10  24 
10  32 


11  49  20 
49  IS 
49  4 
48  6C 
48  48 


30 
31 

32 
33 
34 


35 
36 
37 
38 
39 


40 
41 
42 

43 
44 


11  48  40 
48  38 
48  24 
48 
48 


16 
8 


11  48  0 
47  52 

47  44 
47  36 
47  28 


11  47  20 
47  12 
47  4 
46  56 
46  43 


10  40 
10  48 

10  56 

11  4 
11  12 


0  11  201 
11  2 
11  36 
11  44 
11  52 


012  0 
12  8 
12  16 
12  24 
12  32 


0 


12  40 
12  48 

12  56 

13  4 
13  12 


11  46  40 
46  32 
46  24 
46  16 
46  8 


45 
46 
47 
48 
49 


60 
51 
52 
53 
54 


55 
56 
57 
58 
59 
60 


H  46  0 
45  52 
45  44 
45  36 

45  2^ 


0  13  20 
13  28 
13  36 
13  U 
13  62 


Sine.  I  Cosine. 


8.2n86l 

.  249031 

26609 

263ai 

26988 


8.27661 
2C324 
28977 
29621 
30255 


8.30879 
31495 
32103 
32702 
3:3292 


8.3387.0 
3M.50 
35013 
3557C 
36131 


8.36676 
37217 
37750 
38276 
3379G 


9.99Hy3 
99993 
99993 
99993 
99992 


9.9999.: 
99992 
999J)2 
99992 
99991 


9.99991 
99991 
99990 
99990 
99990 


9.99990 
99yf!9 

999H9 
99939 


8.39310 
39318 
40320 
40816 
41307 


8.41792 
42272 
42746 
432 IG 
43680 


9.999:18 
9;)9.';8 
999rJS 
99y.'{7 
99537 


Tangent. 


8.24192 
24910 
25616 
26312 
26996 


Co-tang. 


8.27669 
28332 
23986 
29G29 
302G3 


8.308HU 
31505 
32112 
32711 
33302 


8.3o«R6 
34^161 
35029 
35590 
36143 


8.36689 
37229 
37762 
38289 
38809 


.99987 
99986 
999n6 
999i;6 
99980 


9.9998.1 

9998o 

,99984 

99984 

999J;4 


8.44139 
4t594 
46044 
45489 
45930 


8.39323 
39832 
40334 
40830 
41321 


8.41807 

mm 

427G2 
432;)2 
4:jn96 


9. 9998;  J 
99903 
99983 
99982 
99982 


8.4  n 66 
44G11 
460G1 
46607 
46948 


11.76!:'08 
75090 
743841 
73688 
73004 


11.72331 
71668 
71014 
70371 
69737 


11.69112 

68495 
67888 
67289 
66G98 


Secant. 


10.(K»007 
00007 
00007 
00007 
00008 


10.00008 
00008 
00008 
00008 
00009 


10.00009 
00009 
00010 
00010 
00010 


11.6611410 
65539 
61971 
64410 
63857 


11 


.63311 
62771 
62238 
61711 
61191 


11 


60677 
60168 
596GG 
59170 
68679 


11 


58193 
57713 
67238 
56768 
5G304 


11.6 


00010 
00011 
00011 
00011 
00011 


10.00012 
00012 

oooie 

00013 
00013 


10.00013 
00014 
00014 
00014 
00015 


10.00015 
00015 
00016 
00016 
00016 


11  45  20 

45  12 
45  4 
44  56 
44  48 


11  4'i  40 
44  32 
44  24 
44 
44 
44 


16 
8 
0 


0  14 
14 

14  16 
14  24 
14  oZ 


0 


14 
14 
14 
16 
15 


40 
'18 
56 
4 
12 


8.46366 
46799 
47226 
47G60 
48069 


9.99982 
99981 
99981 
99981 
99980 


8.46386 
46317 
47245 
47669 
48089 


8.48485 
48896 
49304 
49703 
50;  08 


9.99980 
99979 
99979 
99979 


8 


15 
15 
15 
15 
15 
16 


20 
28 
36 
44 
52 
0 


8.50604 
50897 
51287 
51673 
52055 


8.52-134 
I  52810 
.53183 
53552 
539191 
542821 


.48606 
48917 
49326 
49729 


66844  10 

66389 

519J9 

61493 

61062 


.00017 
00017 
00017 
00018 
000 18 


11 


.63616110 
53183.1 
oZioo 
62331 
51911 


00018 
00019 
00019 
00019 
00020 


11.75814 
75097 
74391 
73696 
73012 


M. 


60 

59 

57 
66 


11.72339 
71676 
71023 
70379 
69745 


11.69121 
68606 
67897 
67298 
6G|08 


55 
54 
63 
62 
51 


50 
49 
48 
47 
46 


11 


66126 
66650 
64982 
6U22 
63869 


11 


63322 
62783 
62260 
61724 
61204 


11 


60690] 
60182 
59680 
59184 
58G93 


11 


.58208 
57728 
572.54 
56784 
.'J6320 


45 
41 
43 
42 
41 


40 
39 
38 
37 
36 


35 
3-1. 
33 
32 
31 


11 


.56861 
56406 
61966 
64611 
61070 


11.61495  10.00020 


9.99978 
99977 
99977 
99977 
99976 

9.99976 
99975 
99975 
99974 
99974 
999T1- 


8.fi0.'>27 
50920 
61310 
51696 
53079 


M.  |Hourp.ii.lHoorA.M.*  Co-sine.  I  Sine. 


51083 
50G76 
50271 
49870 


00021 
00021 
00021 
00022 


11.4947310.00022 


49080 
48690 
48301 
47921 


00023 
00023 
00023 
00024 


11 


.636341 
53201 
62774 
62360 
51931' 


26 
24 
23 
22 
2] 


20 
19 
18 
17 
16 


11 


.616151  15 
61104 
50G96 

50292 
49892 


11 


8.62469 
52836 
63208 
536731 
53945' 
54308- 


47165 
46792 
46422 
460.'>6l 
45692 


10.00024  11 


.49496 
49103 
48713 
43327 
47946 


00026 
00026 
00026 
OlM)26 
00026 


14 
13 
12 
11 


10 
9 
8 

7 
6 


.47566 

46817; 
46 1  «*< 
46081 1 
46718 


30 

29 
28 
27 


u 
4 

3 

S    f 


91  DegB. 


7. 


1 
0 

Co-lanp.iTHn^ent.  Co-wc5^v_^vvvc«^  '    vCx 
=  -  "  ■  \N^'^^':^'^ 
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4  Degs. 


TABLE  XXVII. 

Log.  Sines,  Tangents  and  Secants. 


"M    |MoiirA.ii.|Hoiirp.N. 


0 
1 

3 
4 


111  2C  Ol  0  32  0 
i   S7  52|   32  8 
27  44|   32  16 
27  36!   32  24 
27  28'   32  32 


5 
6 
7 

8 
«J 


11  27  m 
27  12 


0  32  40 
32  48 

27  4!   32  56 


10 
11 
12 
13 
14 


26  56\ 
26  48' 


33  4 

33  12 


11  26  40 
2C  32 
26  24 
26  16 
26  8 


15 
16 
17 
18 
19 


20 
21 
22 
23 
24 


11 


26  0 
25  52 
25  44 
25  36 
25  28 


0  33  20 
33  28 
33  3G 
33  44 
33  52 


Sine. 


8.84368 
84539 
84718 
84897 
85075 


Co-sine. !  TaiigeiftiCo-tang.  |  Secant.  I 


Pegs.  175. 


9.99894;  8.84464 
99893   84646 


99892 
99891 
99891 


8.85252 
85429 
85605 
85780 
85955 


0  34  0 
34  8 
34  16 
34  24 
34  32 


11  25  20 
25  12 
25  4 
24  56 

24  4n 


0  34  40 

34  48 

34  5»; 

35  4 
35  12 


8.86128 
86301 
86474 
8G645 
86816 


9.99890 
99889 
99888 
99887 

_9988^ 

9.*J\){iSd 
99884 
99383 
998U2 
93S81 


85826 
85006 
85185 


8.85363 
85540 
85717 
85893 
86069 


11.15536110.00106 
153541       001071 


15174 
14994 
14815 


11 


14637 
14460 
14283 
14107 
13931 


8.86987 
87156 
87325 
87494 
87661 


8 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37 

38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


50 
fil 
52 
53 
54 


11  24  40 
24  3S 
24  24 
24  16 
24  C 


11  24 
23 
23 
23 
23 


0 
52 

36 

28 


0  35  20 
35  2S 
35  36 
05  U 
35   52 


0  36 
36 
36 
36 
36 


0 

8 
IG 
24 
32 


87829 
87995 
88161 
88326 
88490 


8.886541 
88817 
889J0 
89142 
89.]«>1 


.99380 
99879 
99879 
99878 
99877 


9 


99876 
99875 
99874 
99873 
99872 


8.894(it 
89625 
39734 
8994:i 
9010^: 


9.99871 
99870 
99869 
99868 
99867 


8.U6240 
86417 
86591 
867631 
86935 


8.37106 
87277 
87447 
37616 
87785 


8.879.53 
88120 

8845J 
88613 


II 


1.37:^7 
13583 
13409 
13237 
13065 


00108 
00109 
00109 


10.00110111 
00111 
00112 
00113 
00114 


11.12894 
12723 
12553 
12384 
12215 


11.15642 
16461 
15282 
15108 
14925 


.14748 
14571 
14395 
14220 
14045 


10.00115  11 
00116 
00117 
00118 
00119 


60 

59 
58 
57 
56 


55 
54 

53 
52 
51 


10.00120 
00121 
00121 
00122 
00123 


11 


12047 
11880 
1171:5 
11547 
11382 


10 


00124 
00125 
00126 
00127 
00128 


11  23 
23 
23 

22 


20 
U 
4 
56 
48 


11  22 

22 

22 

0<i 


40 

32 

24 

16 

8 


11  22 
21 
21 
£1 
21 


0 
52 
44 
36 


0  36 
3»5 
36 
37 
37 


0  37 
37 
37 
37 
37 


40 

43 

56 

4 

1* 

20 

23 
36 
4^ 

52 


0 


38 
38 
33 
33 
33 


0 

« 
16 
21 
32 


8.J)026(i 
90417 
90.571 
fH)730 
90385 


8.91040 
91195 
9i^i-19 
91502 
91655 


8.91307 
9l9.'3y 
92110 
9':J61 
9241 1 


11  21 
21 
21 
20 
20 


20;  0  3J  40l  8.92561 


9.99866 
993G5 
99364 
99363 
99R62 


9.99801 
99860 
99359 
99353 
993.>7 


9.99856 
99055 
99854 
99853 
99852 


8.83733  11 
83913 
89111 
89274 
39137 


8.39598 
89760 
89920 
90030 
90210 


11217 
11052 
10839 
10726 
10563 


10 


00129 
00130 
00131 
00132 
00133 


13872  50 
186991  49 
13526 
13355 
13184 


11.13013 
12844 
42675 
12506 
12339 


II 


12171 
12005 
11839 
11674 
11510 


11 


8.90399 
90557 
90715 
90372 
91029 


8.91135 
91.J40 
91495 
91650 
91803 


9.99351 
99350 
99848 
993  n 
99846 


8.91957 
92110 
92262 
92  U4 
92.->65 


12' 
4! 
56' 
43 


55 

57 
58 
59 
60 


11  20 
20 
20 
20 
20 
SO 


33 
38 
39 
39 


4:; 

5h 

.1 

I 

1-2 


92710 
y2359 
93007 
93151 


40 
32 
24 

16 

0 


0 


39 
39 
39 
39 
39 
40 


20 
28 
36 
4^ 
52 
0 


8.93301 
93448 
93594 
93740 
93035 
94030 


M     l^oiirr.M.'lloiir^M.!  Co-«inr. 


9.993-15i 
993  Wl 
99313! 
99342, 
99311] 


3.927U- 
9-2366 
9;i01G 
93iG.'> 
9331.; 


11.10402 
10210 
10030 
09920 
09760 


10 


11.01^601 
09443 
09235 
09120 
08971 


00134 
00135 
00136 
00137 
00138 


10 


.00139 
00140 
00141 
00142 
00143 


11.03315 
08G60 
00505 
08350 
03197 


10 


11  0804:) 
07890 
07733 
0753»; 
07435 


.00144 
00145 
00146 
00  M  7 
00148 


10 


.00149 
00150 
00152 
00153 
0C»I51 


9.9934fJ 
99839 
99338 
99537' 
998361 
99334! 


8.9;;462 
93609 
9J75G 
939t»3 
94049 
94195 


!'.072'.4  10 
OVi:il. 

0693 1 
06:<,J.> 
Or'637 


11346 
11183 
11020 
10858 
10696 


11 .  10536 
10375 
10216 
10057 
09898 


11.09740 
09583 
09426 
09270 
09115 


11.08960 
08805 
08651 
08498 
083-15 


21 


II 


I!  OiM:j8 
06391 
0/;244 

^06097 
05951 
0530.*) 


00155  11 

00156 

00157 

OfH58 

00!.-»9: 


.08193 
08&n! 
07890| 
07739 

07589! 

.07139! 
072t>0] 
07U1I 
069931 
06316! 


bill**.    '  Co-t:ini:.''r;Hi2Pnl. 


10.00irjO:il.06699J 
065.»**; 
06 1061 
062601 
OiWlo, 
0.>970; 

*'o-'«rO;iUt'   StTHMt.   ■ 


.OO'HmiIII 
001611 
00162; 
00163: 
4V)1G1. 
OOlfiG; 


I  'esf*.  ;-f."v 


:i92 


8  Pegs 


TABLE  XXVII. 

Log.  Sines,  Tangents  and  Secants. 


Hour  A.N. 


10  56 
65 
55 
55 
55 


0 

52 
44 
36 
28 


Deff.  171. 


Hoiirp.M 


] 


4 
4 

4 
4 

4 


0 

8 
16 
24 
32 


10  55 

55 
55 
54 
54 


20 
12 

4 
56 
48 


10  54 
54 
54 
54 
54 


40 
32 
24 
16 
8 


10  54 
53 
53 
53 
53 


0 
52 
4i 
36 
28 


10  53 
53 
53 

52 
52 


20 
12 
■1 
56 
4C 


10  52 
52 
52 
52 
52 


40 
32 
24 
16 
8 


10  52  0 
51  52 
51 
51 
51 


44 
36 
28 


4 
4 

4 
5 
5 


40 
48 
56 
4 
12 


I  5 
5 
5 
5 
o 


20 
28 
36 
44 
52 


6 
6 
^> 
6 
6 


0 

n 

16 

24 
32 


6 
6 
6 
7 

7 


40 
48 
o6 
4 
12 


1  7 

7 
7 
7 
7 


20 
2,1 
36 
4i 

52 


1 


16 
8  24 
8  32 


10  51  20 
51  12 
51  4 
50  56 
50  48 


8  40 

8  'in 

8  56 
9 

9  12 


Sine.    I  Co-sine.  {Taugent.  |  Co-tang.]  Secant  |Co-flecant 


9.14356 
14445 
14535 
14624 
14714 


148031 

14891 

14980 

15069 

15157 


9.15245 
1533.T 
15'121 
15508 
15596 


9.15683 
15770 
15857 
159-44 
16030 


9.16116 
16203 
16289 
16371 
16460 


16631 
16716 
1680] 

168.% 


9 


16970 
170.J5 
17139 
17223 
17;^7 


9.99.'375 
99574 
99572 
99570 
99568 


9.99566 
99565 
99563 
99561 
99559 


9.99557 
99556 
99554 
99552 
99550 


9.99548 
99546 
99545 
99543 
99541 


9.99539 
99537 
99535 
99533 
99532 


9.99530 

99528 
99526 
99524 
99522 


10  50' 401 
50  32 
50  24 
50  16 
50  8 


0 


52 


10  50 
49 

49  44 
49  36 
49  28 


10  49  20 
49  12 
49  4 
48  56 
48  48 


9  20 
9  28 
9  36 
9  44 
9  52 


1  10  0 

10  16 

10  24 
10  32 


10 
10 
10 
11 
11 


40 
48 
56 
4 
12 


17391 
17474 
17558 
17641 
17724 


9.17807 
17i;90 
17973 
18055 
18137 


9.18220 

18383 
18465 
18547 


9.99520 
99518 
99517 
99515 
99513 


9. 1478<J  lU. 85220  10.00425 


14872 
14963 
15054 
15145 


85128 
85037 
84946 
84855 


9.15236 
15327 
15417 
15508 
15598 


9.15688 
15777 
15867 
15956 
16046 


9.16135 
1622 
16312 
16401 
16489 


9.l6.r/7 
1666.') 
16753 
16M41 
16928 


9.17016 
17103 
17190 
17277 
17363 


9.99511 
99509 
99507 
99505 
99503 


9.99501 
99499 
99497 
99495 
99494 


10  48  40 
48  92 
48  24 
48  Ifi 
48  8 
48  0^ 


M  iHotirr.M. 


11 
11 
11 
n 
II 

12 


20 
28 
36 
44 
52 
0 


9.99492 
99490 
9i'4.>.: 
99486 
99  If?  4 


9.17450 
175;J6 
17622 
17708 
17794 


10.84764 
84673 
84583 
84492 
84402 


10.84312 
84223 
84133 
84044 
83954 


10.83865 
83776 
83688 
83599 
83511 


10. 


83423 
83335 
8321.7 
83159 
83072 


10 


82984 
82897 
82810 
82723 
82637 


10 


9.17880 
17965 
18051 
18136 
18221 


9.18306 
18391 
18475 
18560 
1864*1 


«2o;)0 

82461 
82378 
32292 
82206 


10, 


82120 
82035 
81949 
8186; 
81779 


00426 
00428 
00430 
00432 


10.00434110.85197 
00435  85109 
00437  86020 
00439  84931 
00-Ml        84843! 


10.0ai43 
0044i 
00416 
00448 
00450 


10.00^152 
00454 
00455 
00457 
00459 


10.00461 

oai^;3 

00-Ki5 

oo4ivr 

00468 


10.866441  60     1 


85556 
86465 
86376 
86286 


10.84766 
84667 
84679 
84192 
844041 


10.84317 
84230 
84143 
84056 
83970 


10.83884) 
83797 
83711 
83626 
835401 


10.00470 
00472 
00474 
00-1.76 
00475 


10.83455 
83369 
83284 
83199 
83114 


lO.OO-^O 
00482 
0O483 
00485 
00487 


10.00489 
00491 
00493 
00495 
00497 


10. 


9.18628 
18709 
18790' 
18871 
18952 


9.19033 
19113 
19193 
19273 
19353 
19433 


9.99482 
99480 
99478 
99476 
99474 


9.18728 
18812 

■rjL'96 

18979 
19063 


9.19146 
19229 
19312 
19395 
19478 


9.99472 
99470 
99468 
99466 
99461 
99462J 


9.19561 
19643 
19725 
19307 
19389 
19971 


81694 
81601^ 
81525 
81440 
8135( 


10.81272 
81188 

81021 
80907 


10.m)499 
00501 
00503 
0050-> 
00506 


10.00.508 
00510 
00512 
00514 
00516 


10.83030 
82946 
82861 
82777 
82693 


M 


10.82609 
82626 
82442 
82359 
82276 


10.82193 
82110 
82027 
81945 
81863 


10.&178U 
81698 
81617 

J-  •  ■  -^  » 

81453 


10.80854i 
80771 
80688 
80605 
80522 


10.00518 
00520 
00522 
00521 
00526 


10.80-139 
80367 
80275 
80193 
80111 
8002!J 


10.8137^ 
81291 
81210 
81129 
81048 


10.00528 
00530 
00532 
00534 
0053<}, 
005.^8 


10.80967 
80887 
80807 
80727 
806471 
805671 


09 
58 
67 
66 


65 
54 
53 
52 
51 


50 
49 
48 
47 
46 


45 
44 

43 
42 
41 


40 
39 
38 
37 

36 


35 
34 
33 
32 
31 


30 
29 
S8 
27 
26 


26 
21 
23 
22 
21 


20 
19 
18 
17 
16 


15 

14 
13 
12 
11 


lU 
9 
8 

7 
C 


6 

4 
3 

2 
1 
O 
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TABLE  XXVn. 
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, 

Log.  Sines,  Tangents  and  Secants. 

» 

11  Degs. 

l>«g.  i 

168.    ' 

M 

HOUTA.M. 

Hourp.M. 

1  Sine. 

1  Co-sine. 

Tangent. 

1  Co-tang. 

Secant. 

|Co-secant 

1  M   1 

0 

10  32  0 

1  28  0 

9.28060 

9.99195 

9.28863tl0.71133 

10. 00805|l0. 71940  60  | 

1 

31  52 

28  8 

28123 

99192 

28933 

1   71067 

00808 

71875 

59 

s 

31  44 

28  16 

28190 

99190 

29000 

71000 

OOSlOi   71810 

68 

3 

31  3C 

28  24 

28254 

99187 

290^7 

70933 

008131   71746 

57 

4 

31  28 

28  32 

28319 

99135 

29134 

70366 

008131   71681 

56 

6 

10  31  20 

1  28  40 

9.28384 

9.99182 

9.29201 

10.70799 

10. 008l8il0. 71616 

i  55 

6 

31  12 

28  48 

28448 

99180 

29268 

70732 

00820 

71552 

54 

7 

31  4 

28  56 

28512 

99177 

29333 

70665 

00823 

71488 

53 

8 

30  56 

29  4 

28677 

99175 

29402 

70598 

00823 

71423 

52 

9 

30  48 

29  12 

28641 

99172 

29463 

70332 

00828 

71339 

51 

10 

10  30  40 

1  29  20 

9.2H705 

9.99170 

9.29333 

10.70463 

10.008:)0 

10.71295 

50 

11 

30  32 

29  2« 

28769 

99167 

29601 

70399 

00833 

71231 

49 

12 

30  24 

£9  36 

28833 

99165 

29668 

70332 

00835 

71167 

48 

13 

30  16 

29  44 

2881)6 

99162 

29734 

70266 

00838 

71104 

47 

14 

30  8 

29  612 

28960 

99160 

29800 

70200 

00840 

71040 

46 

16 

10  30  0 

1  30  0 

9.29024 

9.99137 

9.29866 

10.70134 

10.00843 

10.70976 

45 

16 

29  52 

30  8 

29087 

99155 

29932 

70068 

00845 

70913 

44 

17 

29  44 

30  16 

29150 

99132 

29998 

70002 

00848 

70850 

43 

18 

29  36 

30  24 

29214 

99130 

30064 

69936 

00830 

70786 

42 

19 

29  28 

30  32 

2i)277 

99147 

30130 

69870 

00833 

70723 

41 

20 

10  29  20 

1  30  40 

9.29340 

9.99143 

9.30193 

10.69803 

10.00i;53!l0.7U660 

40 

21 

29  12 

30  48 

29403 

99142 

30261 

69739 

00838 

70597 

39 

22 

29  4 

30  56 

29466 

99140 

30326 

69674 

00860 

70334 

38 

23 

28  66 

31  4 

29529 

99137 

30391 

69609 

00863 

70471 

37 

24 

28  48 

31  12 

29591 

99135 

304.7 

69343 

00865 

70409 

36 

25 

10  28  40 

1  31  20 

9.29634 

9.99132 

9.30322 

10.69478 

10.00868 

10.70346 

35 

26 

28  32 

31  28 

29716 

99130 

30387 

69413 

00870 

70284 

34 

27 

28  24 

31  36 

29779 

99127 

30632 

69348 

00873 

70221 

33 

28 

28  16 

31  44 

29841 

99124 

30717 

69283 

00876 

70159 

32 

29 

28  8 

31  62 

29903 

99122 

30782 

69218 

00878 

70097 

31 

SO 

10  28  0 

1  32  0 

9.29966 

9.99119 

9.30846 

10.69134 

10.00881110.70034 

30  1  . 

31 

27  52 

32  8 

30028 

99117 

30911 

69089 

00883   G9972 

29  1  I 

32 

27  44 

32  16 

30090 

99114 

30975 

69025 

00i;86   69910 

28  '■ 

33 

27  36 

32  24 

30131 

99112 

31040 

6«9G(i 

00888   69819 

27  : 

34 

27  28 

32  32 

30213 

99109 

31104 

63896 

00891    69787 

26    ! 

35 

10  27  20 

1  32  40 

9.30275, 

9.99106 

9.31168 

10.6C832  10.00894110.69725 

iih   ; 

36 

27  12 

32  48 

30336 

99104 

31233 

68767 

00896 

69664 

24  ^  . 

37 

27  4 

32  56 

30398 

99101 

31297 

68703 

00899 

69602 

23   . 

38 

26  56 

33  4 

30439 

99099 

31361    68639 

00901 

69341 

22   1 

39 

26  48 

33  12 

30521 

99096 

31425   68373 

00904 

69479 

21    1 

40 

10  26  40 

1  33  20 

9.3058e 

9.99093 

9.31439  10. 6t{3 11 

10.00907 

10.69418 

20  1  ' 

41 

26  32 

33  28 

306  W 

99091 

31632   634^1.8 

00909 

69337 

19  !  , 

42 

26  24 

33  36 

30704 

99088 

31616   68384 

00912 

69296 

18    > 

43 

26  16 

33  44 

30763 

99086 

31679 

68321 

00914 

69235 

17   . 

44 

26  8 

33  52 

30826 

99003 

31743 

63237 

00917 

69174 

16 

46 

10  26  0 

1  34  0 

9.30887 

9.99080 

9.31806 

10.68194 

10.00920 

10.69113 

16 

46 

25  52 

34  8 

30947 

99078 

31870 

68130 

00922 

69053 

14 

47 

25  ^i 

34  16 

31008 

99075 

31933 

68067 

00925 

68992 

13 

48 

26  36 

34  24 

31068 

99072 

31996 

60004 

00928 

68932 

12 

49 

26  28 

34  32 

31129 

99070 

32039 

6794^ 

00930 

68871 

11 

60 

10  26  20 

1  3-1  40 

9.31109 

9.990671  9.32122 

10.67378 

10.00933 

10.68811 

10 

61 

26  12 

34  48 

31250 

99064   32185 

67815 

00936 

68730 

9 

62 

26  4 

34  56 

31310 

99062   322*3 

67752 

00938 

68690 

8 

63 

24  56 

35  4 

31370 

99059|   32311 

67689 

00941 

68630 

7 

54 

24  48 

35  12 

31430 

99036'   32373 

67627 

0094i 

68370 

<■> 

65 

10  24  40 

1  35  20 

9.31490 

9.99054  9.32'W6 

10.67364 

10. 00946^10. 68510| 

•■^   1 

66 

24  32 

35  28 

315'(9 

99051   32498 

67502 

00949 

68431 

4 

67 

24  24 

35  36 

31609 

99048;   32561 

67439 

00952 

68391 

3 

68 

24  16 

35  4^1 

35  521 

31669 

99046   32623 

67377 

00954 

68331 

2 

69 

24  8 

31728 

99043 

32683 

67313 

00957 

68272 

'  '  ! 

60 

24  0 

36  0| 

31788 

99040 

32747 

67233 

00960 

68212 

0  i! 

1  M  '] 

Hourp.H.I] 

MourjT.M. 

Co-sine. 

Sine.  lco-tang.L'. 

rangent.  lCo-«ecaui'  Secant.  ' 
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M 

HourA.ii. 

Hoiirp.H.|  Sine. 

Co-sine. 

Tangent. 

Co-tHns.  Sc'caiit. 

Co-secant 

iVI 

0 

10  16  o| 

1  44  0 

9.35209 

9.98872 

9.36336 

10. 6366'!  10.01128 

10.64791 

60 

1 

15  52 

44  8 

352631 

98869 

363941 

636061   01131 

64737 

69 

s 

15  44 

44  16 

35318 

98867 

36452 

63548 

01133 

64682 

58 

3 

15  36 

44  24 

35373 

98864 

36509 

63491 

01136 

64627 

57 

4 

15  28 

44  32 

35427 

98861 

36566 

63434 

01139 

64573 

56 

d 

10  15  20 

1  44  40 

9.354U1 

9.98858 

9.36624 

10.63376 

10.01142 

10.64519 

55 

6 

15  12 

14  48 

35636 

98855 

36631 

63319 

01145 

64464 

54 

7 

15  4 

44  56 

35w90 

98852 

36738 

63262 

01148 

64410 

53 

8 

14  56 

45  4 

35644 

9bb49 

Juiir 

6.^*05 

01151 

fHW56 

52 

9 

14.48 

45  12 

36698 

98846 

3685ii 

6;il4<j 

v)M54 

(.4302 

61 

10 

10  14  40 

1  45  20 

9.35752 

9.98343 

9.3690y 

10.63091 

10.011.57 

10.64248 

50 

11 

14  32 

45  28 

35806 

98840 

36966 

63034 

01160 

64194 

49 

IS 

14  24' 

45  36 

85860 

98837 

37023 

62977 

01163 

64140 

48 

13 

14  16 

45  44 

35914 

90^34 

37080 

62920 

01166 

64086 

47 

14 

14  8 

45  52 

35968 

98831 

"37137 

62863 

01169 

64032 

46 

15 

10  14  0 

1  46  0 

9.3602:2 

9.98828 

9.37193 

10.62607  10.01172 

10.63978 

46 

16 

13  52 

46  8 

36073 

98825 

37260 

62750 

01175 

63925 

44 

17 

13  44 

46  16 

36129 

98822 

37306 

62694 

01170 

63871 

43 

18 

13  36 

46  24 

36182 

98819 

37363 

62637 

01181 

63818 

42 

19 

13  28 

46  32 

36236 

98816 

37419 

62681 

01184 

63764 

41 

SO 

10  13  20 

1  46  40 

9.36289 

9.9&813 

9.37476 

10.62.524 

10.01187 

10.63711 

40 

SI 

13  12 

46  48 

36342 

98810 

37.W2 

62468 

01190 

63658 

39 

2S 

13  4 

46  56 

36395 

98807 

37588 

62412 

01193 

63605 

38 

ss 

12  56 

47  4 

S64id 

9881;  4 

.  37644 

62356 

01196 

63651 

37 

24 

12  48 

47  12 

36502 

98801 

37700 

623U0 

01199 

6349U 

36 

25 

10  12  40 

1  47  20 

9.36555 

9.9S798 

9.37756 

10.62244 

10.01202 

10.63446 

35 

26 

12  32 

47  28 

36608 

98795 

37812 

62188 

01205 

63392 

34 

27 

12  24 

47  36 

36660 

98792 

37868 

6i;132 

01208 

63340 

33 

28 

12  16 

47  44 

36713 

98789 

37924 

62076 

01211 

63287 

3S 

29 

12  8 

47  52 

36766 

98736 

379G0 

62020 

01214 

632.34 

31 

30 

10  12  0 

1  48  0 

9.36819 

9.98783 

9.38(J3.'^» 

10.61965  10.01217 

10.63181 

30 

31 

11  52 

48  8 

36371 

98780 

38091 

61909   01220 

.  63129 

29 

32 

11  44 

48  If) 

36924 

98777 

38147 

61853 

01223 

63076 

28 

33 

11  36 

48  24 

36976 

93774 

38202 

61798 

01226 

63024 

27 

34 

11  28 

48  ^1 

37028 

98771 

38257 

61743 

01229 

62972 

26 

35 

10  11  20 

1  48  40 

9.37081 

9.9876}! 

9.38313 

10.61687 

10.012.S2 

10.62919 

25 

36 

11  12 

43  48 

37133 

98766 

38368 

61632 

012:)6 

62867 

24 

37 

11  4 

48  56 

37105 

98762 

38423 

61577 

01238 

62815 

23 

38 

10  56 

49  4 

37237 

987.0^ 

3ii479 

61521 

01241 

62763 

22 

39 

10  48 

49  12 

37289 

937.% 

J:^'•.34 

61466 

01244 

62711 

21-^ 

40  ,10  10  40 

1  49  20 

y.37J41 

9.987.^3 

9.385'yj 

10.61411 

10.01247 

10.62659 

20 

41 

10  32 

49  2fi 

37393 

98750 

38644 

61356 

01260 

62607 

19 

42 

10  24 

49'3u 

37445 

98746 

38699 

61301 

01254 

62555 

18 

43 

10  16 

49  44 

37497 

98743 

38754 

61246 

01257 

62503 

17 

44 

10  8 

49  62 

37549 

98740 

38808 

61192 

01260 

62451 

16 

46 

10  10  0 

1  50  0 

9.37600 

9.98737 

9.38863 

10.61137 

10.01263 

10.62400 

16 

4G 

9  52 

50  8 

37652 

98734 

38918 

61082 

01266 

62348 

14 

47 

9  44 

50  IG 

37703 

98731 

38972 

61028 

01269 

62297 

13 

48 

9  36 

50  24 

3775J 

98728 

39027 

60973 

01272 

62246 

12 

49 

9  28 

50  32 

37806 

98725 

39082 

60918 

01275 

62194 

11 

50 

10  9  20 

1  50  40 

9.87858 

9.98722 

9.39136 

1^.60864 

10.01278 

10.62142 

10 

51 

9  12 

50  48 

37909 

98719 

39190 

60810 

01231 

62091 

9 

62 

9  4 

50  5G 

37960 

98715 

39245 

60755 

01285 

62040 

8 

53 

•8  56 

51  4 

38011 

98712 

3y'J99 

60701   012i;« 

61989 

7 

51 

8  48 

51  12 

38062 

98709 

39353 

60647   01291 

61938 

6 

55 

10  8  40 

1  51  20 

9.33113 

9.98706 

9.J'J407 

10.00593  10.01294 

10.61887 

5 

56 

8  32 

51  28 

38164 

98703 

39461 

(i0539   01297 

61836 

4 

^57 

8  24 

51  3(3 

3821.5 

98700 

39515 

60485 

01300 

617t:5 

3 

58 

8  16 

51  44 

38266 

98697 

39569 

6043J 

01303 

61734 

0 

«» 

69 

8  8 

51  5i 

38.517 

98694 

39623 

60377 

01306 

61683 

1 

(;o 

8  0 

52  0 

38368 

98690 

39G77 

60323 

01310 

61632  0 

M     i 

Kuurp.x. 

HourA.M.I 

Co-sine. 

^>inu. 

Cu-tang. 

Tungput. 

Co-Mcant 
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I  I    M    ;Hoiii  \.M.'!loiipr.>i.|     Sim-.    |  Co-siiie.  ri'an*;eiit..Cu-taii;;.    SecaiU.  jCo-secant;    M 

y  .vj  "Tii  2  ^i^oriTiriim'  y.ii7!i2il"ir."3u7«iIo74iirri2 


1 


3 


lit 


i'  4  '■»■»       '*•  ••» 


i4 
•2-1  lu 


\ 


b 

a 

7 
8 
9 

To' 
n 

n 

"i.r 


0  :jj  f:o  -:  til-  j<ii  y.rjiyj 


35   1.' 
.'i.3     4 

a  4« 


Su  12 


.11  i»l       -J.)  41 
31.     ?:;       C5  a2 


•I'JJ.^I 

4iiJoa 
493-n, 


*J7C17 
97«12 
ii7K0S 
if7:J04 


di':64 

51306 
RVSm 


9.1;7{;(K)|  9.0139S! 
97790       61435 


9771«2 
977:Ja 
97784 


I 


9 


■f  < 


1-    ' 
I  I    ! 


1 

v.;  , 

1     19  1 

i    ::')| 

?A 

'2.) 

1 

21  1 

I 

•"♦7     :  '  I 


0.  2  -:; 


;;3    4- 


eo 


9.49:J'iV'r  9.97779 
'       97775 
97771 


49V24 


491G2 
49:'(>0 
49539 


97767 
97763 


9.19577 
4VG\o 
49f;j4 
49f;y: 

4:«730 


1 

1 

2;i 

s:»; 

:7 

•20 

'29 

i:: 

27     4 

'/';?»  7(1.  2  27  20 


t:6     J: 

i'.'j  21 

si":-;"!?'  Ih-i'MiVi 

4'.'  ;0G 
49844 

4'nj;ie 

4!i920 


9.97759 
97751 
97750 
977  i6 
97742 


9.9773W 
97731 
97729 
97725 
97721 


3>  SZ 

32  :\. 
:.2  I'.: 


9  /.»     0!  2  2« 
::i   111 


27  2J; 

27  36 

'27  '1 1. 

?:7  5'2 

0 


Mil 


.1  3(:, 

31^1 

"9  3rin 
;l  J? 

n    ! 
:;:)  .'if, 

30  -18 
'9"3n'*Ui 

3 »  ;;  r 

;/)  2! 

so  !»• 

30  8 

9  3<>    (i 

•29  .-,.' 

A  .1     III 


2J  16 

00  til 

00     •JO 


9.4995M 
4  9! '96 
50!  KM 
6(H)72 

__^.0OllO 

9. 7/0!  4.'! 

.viJi.'j*; 

5022.« 
5026 1 
5029tl 


•2  2i;  4(» 

23  43 

23  56 

29  4 

29J2 

'2  ll\i  "lit 

29  2:; 

'29  .'.6 

C9  41 

•JJ  52 


9.50336 
50374 

50  ni 

50-149 
50  IBP 


9.97717 
97715 
97708 
9770.H 
977l»0 


9. 97696 
97691 
97637 
97633 
97679 


9.97674 
97670 
97666 
97662 
97657 


2  M)  0 
30  V 
30  h 

:vO  24 
30  32 


9.50523!  9.97i:.'>3 
50561!   97649 


61478 
51520 
61563 


9.51606 
51648 
51691 
51731 
51776 


9.51319 
5186! 
61903 
51946 
51933 


9.62031 
52073 
52115 
52157 
52200 

"9.5"2242 
52284 
52326 
52368 

52110 

9.52452 
5M94 
5::;i36 
52578 
626201 


9.52661 
52703 
62745 
52787 
62329 


48779 
43736 
4R694 
4:>651 


J 


10.02179:10.51002    60 


02183 
02138 
02192 
02196 


60963t  59 
601124!  58 
60885|  57 
50847    56 


10.43603 
4'J565 
43522 
4G430 
48437 


10.022(^010.50808.   65 


10. 4S394M0. 02221  10.60615    50 


43309 
43266 
4K224 


10.4:i]31 

43139 
4809' 
43051 

4JNili. 


02204 
022'i8 
02212 
02216 


60769:  5-1 
60731 i  53 
6069^1  52 
506531  51 


4S.J5*;:  0222."» 
02229 
02233 
02237 


50576 
60538 
50500 
60461 


49 
43 
47 
46 


10.02241 
02216 
02250 

02253 


I 

10.5(i423)  45  I 
60385  44 
60.346]  43 
6030«j  42 
50270}  41  I 


I 


10.479H1> 

47')  2:' 

47:;43 
47J>00 


10.17753 
47716 
47!;74 
47632 
47;..9r' 

IoT47'5TP 

475(»6 
47464 
47 IZ2 
47380 


10.02262  10.502321   U) 
50194,'  39 


02266 
02271 
0:»75 
02279 


6016G  38 
60118  37 
60080   36 


10.022831 
02287 
02292 
0±296 
02300 


10.47539 
47297 
472.>5 
47213 
47171 


5059n 

506351 

50673 


I  I 


9  29  20,  2  30  40 
29  12  .iO  43 
£J  i|  30  5«: 
2il  561  31  4 
28  44;!       31   12 


9.5(nJ0 
60747 
6073! 

f;0;;2l 
50K.'»« 


9.60896 
6093:;: 
5i»970 
51007 
51043 


9  28  40i  2  31  20 

28  32!   ">1  2;i 

28  24|   31  36 

28  161   3.1  41. 

28  P*   31  52 

32  0 


'*>* 
^'t 


9.51080 
51117 
/Hl.i4 
611  i«l 
51227 
51264 


976  f.' 
1;7610 
976.36 


9.97632 
97628 
97623 
97619 
97615 


9.97610 
97606 
97602 
97597 
97593 


9.97539 
9758 1 
97.?G0 
97576 
97571 
97567 


I  !  M  ■}i.)!j»»p.r'  Ho'irA.M.!  (?u-.-inp.   Sine. 


9.52870 
52912 

529.J3 
6299.5 
53037 


9.5;5078 
53120 
53161 
53202 
53244 


9.5.3285 
53327 
53368 
53109 
53450 


9..034'J2 

63571 
5.J615 
53656 
53697 


Co-tani^. 


02309 
02313 
02317 
02321 


10.60042 
60004 
49966 
49928 
49890 


10.0230410.49852 


49816 
49777 
49739 
49702 


10.02326 
02330 
02334 
02338 
02343 


10. 47 1 30' 10. 02347 


470.;8 
47<I17 
47.i0;; 
4696.; 


10.496641 
49626 
49689 
49551 
49514 


10  4692-: 

'46380 

46G39 

46793 

46756 


10.46715 
4667C 
46632 
46591 
46,V;0 


(>2:i5! 

02.>60 
_^2364 

10.02368 
02372 
()2377 
02331 
023S6I 


10.49477 
49439 
49402 
49365 
49327 


10.49290 
49253 
49216 
49179 
49142 


10.02390.10.49104 


35 
34 

33 
32 
31 


30 
S9 
28 
27 
26 


25 
24 
23 
22 
21 


20 
19 
13 
17 
16 


Id 
14 
13 
12 
11 


02.JP4 
O239o 
02403 
02M)7 


10. 46.)08  10.02411  10.48920| 
46467  0241vi  48883 
46426  0242f(  48846 
46385  0:424  48809 
46341  02429  48773 
4630.S       (,.>43.>       48736 

Tangeiit.li' OTSt-raitii  Secant.  | 


49067 
49(»S0 
48993 
4895 


10 
9 
8 
7 
6 


5 
4 

3 
2 
1 
0 
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IHo»irA.M..Hourr.M.|    Sine.     ICo-Mm;.  iTan.jenl.jCo-tnn;;.  j  Secant.  |Co-?<e<-ami    M    | 


M 


0  i  8  hG  Oi 

55  41 

55  3(1 

55  2« 


3 
4 

ii 
•G 

7 
8 
9 


10 
11 
12 
13 
U 


8  55  '20 
55  12 
65  4 
51  K) 
54  48 


4 
4 
4 
4 
4 


n 
1.1 

21 
32 


4 
4 
4 
5 
5 


40 
48 
5t» 
4 
I? 


15 
16 
17 

18 
19 


20 

21 

no 

*«> 

23 
24 


125 

SG 
27 
28 
2l» 


30 
31 
32 
33 
34 


35 
36 
37 
38 
3!> 


8  51  40 
54  32 
54  24 
51  16 
51     8 

«~54  t> 
63  62 
53  41 
53  36 

53  2?: 


53  20 
63  12 
53  4 
52  56 
52  48 


8  52  40 
55  32 
62  24 
52  16 
52  8 


8  62  0 
51  52 
51  44 
51  36 
51  28 


40 
41 
42 
43 
4-1 


8  51  20 
51  12 
51  4 
50  56 
50  48 


3    6 
5 

5 
5 


5 


20 

28 
36 
41 
52 


3  6 
6 
6 
6 
6 


0 
8 

lii 
21 


3  6 
6 
6 
7 

7 


40 
48 
£6 
4 
1 


7 

7 

7 
7 
7 


20 
28 
3o 
4] 

62 


3 


8 
8 
8 
8 
8 


Oj 

8 

\G 

24 

32 


8  60  40 
50  32 
50  21 
60  16 
50  8 


45 
46 
47 
48 
49 


60 
fil 
62 
63 
51 


55 

56 
67 
68 
0*J 
60 


•^  50 


o  in/     0 
411  52 

49   4rl 

49  36 
4U  28 


8  VJ  20 
4fi  12 
4:1  4 
48  56 
48  48 


'18  40 
48  32 
48  24 
48  16 
48  8 
48  0 


8 
8 
8 
9 
9 


•10 
4!! 
56 
4 
12 


9 
9 
9 
9 
9 


20 
28 
;>6 
41 
52 


9. 


5UU::;i 

692471 
5^27-; 

5i);)07 
;>iM3i; 

59;«66 
5f*.^96 
5^425 
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10.22:22. 

51 

5  12 

54  4:; 

777!),) 

'.»0320 

87175 

125J5 

0<»680|       22205 

y 

52 

5     4 

5»  5G 

77;;  I : 

90311 

87.^01 

121!»9 

09609i       22188 

8 

53 

4  5G 

55     4 

77R.:ii 

90301 

87527 

12473 

09699 j       22171 

7 

54 

4  48 

55  12 

778  Hi 

9.77;:g: 

!»0292 
9.90282 

87554 

12M6 

09708' 

22154 
10.22138 

6 

5 

1 

55 

7     4  40 

4  55  LO 

9.87.J80  10.12420  10.097181 

5G 

4  32 

65  2« 

77879 

90273 

87G0G 

12394'       09727        22121 

4 

57 

4  2] 

55  3G 

77r.9(; 

90263 

87633 

12;JG7        09737        22101 

3 

58 

4  IG 

55  4V 

779l:i 

90254 

87G59 

12341        0974<;|       22087 
12315       097.*>6|       22070 

0 

59 

4     8 

55  52 

77930 

902  U 

07685 

'     1 

, , 

60 

4    0 

56     0 

7794G 

90235 

87711 

12289 

09765,       22051 

0 

M    1 

Hoiiri'.M. 

llourA.x.' 

Cci-.xiiie. 

Sino. 

Co-tang.'Tangpiit. 

l'i>-.s*!cani 

Secant. 

M 

! 

1 

J2fi  P«p.. 


tyre*.  A"^ 


1 


STDegs 
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■  <■ 


Degs.  142. 


I  ^ 
0 
1 

s 

3 
4 


6 
6 

7 

8 

_9 

10 
11 
12 
13 
14 


15 
16 
17 
18 

19 

^ 
SI 

22 
23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 


45 
46 
47 
48 
49 

50 
51 
52 
53 
54 


HoiirA.H. 


4 
3 
3 
S 
3 


0 
52 
44 
36 
28 


3  20 
3  12 
3  4 
2  56 
2  48 


Hourp.M. 


Sine.   ('o-sine. 


56 
56 
56  16 
66  24 
56  32 


2  40 
2  32 
2  24% 
2  10 
2  8 


2  0 
1  52 
1  44 
1  36 
I  28 


4  56  401 
56  48 
56  56 
57 
57 


4 
12 


4  57  20 

57  28 
67  3t; 
57  4 1 
67  52 


0 
8 


1 
1 
1 

0 
0 


20 

12 

4 

56 
4B 


4  58 

58 
58  16 
68  24 
58  32 


0  40 
0  32 
0  24 
0  16 
0  8 


4  58  40 
58  48 

58  56 

59  4 
59  12 


7  0  0 

6  59  52 
59  U 
59  3G 
59  28 


6  59  20 
59  12 
69  4 
68  5G! 
58  48' 


4  59  20 

59  28 
59  3G 
59  44 
59  62 


5»0 
0 
0 
0 


0\ 
8 
16 
2'i 


0  32 


0  40 
0  48 


0 
1 
1 


5G 

4 

12 


9.77946 
77963 
77980 
77997 
78013 


9.78030 
78047 
78063 
78030 
78097 


9.78113 
78130 
78 IW 
781 03 
781f)0 


9.90235 
90225 
90-216 
90206 
90197 


TaiiKcnt. 


9.90187 
90178 
901fi« 
90159 
9011.9 


9.9Ul;i9 
9filo0 
90120 
90111 
90101 


9.78197 
70213 
78230 
78246 
78203 


9.9W91 
900«2 
90072 
90003 
90053 


9.782801 
78296 
78313 
78329 
78346 


9.90043 
90034 
9002A 
90014 
90005 


9.78362  9.89995 


78379 
78395 
78412 
78428 


.78445 
78461 
78178 
78494 
78510 


6  58  401 
53   32 
68  24 
68  16 
68  8 


1  20 
1  28 
1  36 
1  44 
1  52 


6  58  0 

57  52 
67  44 
67  30 
57  28 


6  57  20 
57  12 
57  4 

56   50 
56  48 


o 


2  0 
2  8 
2  16 

2  21 
2  32 


9.78527 
73643 
78560 
7857() 
78592 


9.78009 
73025 
7304-2 
78058 
78074 


89985 
89976 
89906 
89950 


9. 89917 
89937 
89927 
89918 
8990G 


9.89f59« 
89888 
89879 
89809 
89859 


9.87711 
87738 
87704 
87790 
87817 


9.87843 
87809 
87895 
87922 
87948 


9.87974 
88000 
88027 
88053 
88079 


9.88105 
88131 
88158 
88184 
88210 


.8823( 
88262 
88289 
88315 
88341 


9.88307 
88393 
88420 
88440 
88472 


9.88498 
8352^1 
88550 
88577 
88003 


9.89849 
89810 
89830 
89820 
89810 


65 
56 
67 
58 
59 
60 


6  56  40) 
56  32 
56 
56 
66 
66 


2  401 
2  48 

2  56 

3  4 
3  12 


9.78091 
78707 
78723 
78739 
787501 


9.89801 
89791 
89731 
89771 
89701 


.88029 
88G.'35 
88081 
88707 
88733 


9.88759 
88780 
88812 
88838 
88864 


Co-taiif^. 


Secant.  iCo-necant 


I0.122o9 
12202 
12230 
12210 
12183 


10.12157 

12131 

.  12105 

12078 

12052 


10 


12020 
12000 
11973 
11947 
11921 


10.1189.^ 
11R09 
11842 
lliiiO 
11790 


10. 


11704 
117oo' 
11711 
11085 
11059 


10. 


11033 
11007 
11580 
115.54 

1J528 


•  ) 


10.1150 
11470 
114.30 
11423 
11397 


10 


11371 
11345 
11319 
11293 
11267 


10. 


9.78772! 
787n8| 
788051 
78821! 
783371 


9.89752 
89742 
897.35' 
897  2Si 
89712 


"1. 

10{ 
8 
0 


M    111 


oiirr.M. 


3 
3 
3 
3 
3 
4 


20   9.78853i  9.897o2i  9.89151 


28 
36 
4^1 
52 
0 


9.83390 
88910 
88942 
88908 
88994 


11241 
11214 

]n88 

11102 
11136 


10.09705 
09775 
00784 
09794 
09803 


10.09813 
01>822 
09832 
09841 
09861 


10.09801 
09870 
09880 
09889 
09C99 


10 


09909 
09918 
09923 
09937 
09947 


10 


09957 
09900 
09970 
09980 
09995 


10. 


10006 
10015 
10024 
10(J34 
10044 


10.10053 
10003 
10073 
10082 
10092 


10. 


10102 
10112 
10121 
10131 
10141 


10.22054 
22037 


22020  68 


22003 


21987  56 


10.21970 
21953 
21937 
21920 
^21903 


21853 
21837 
21820 


10. 


21803i 
217871 
217701 
21754! 


21737J 


10 


.21720 
21704 
21087 
21071 
21654 


10 


21638 
21621 
21605 
21588 
21672 


10.21555 
21539 
21522 
21506 
21490 


10 


10. 


9.89020 
89046 
89073 
89099 
89125 


78809. 

78880' 

78902| 

78918 

789.U 


llourA.9i.'  Co-sine. 


89093 
89083 
89073 
8900.T 
89053 


10.11110 
11084 
11058 
flO'32 
11000 


10.10980 
10954 
10927 
10901 
10875 


10151 
10100 
10170 
10180 
10190 


10.10199 
10209 
10219 
10229 
10239 


Slue. 


89177 
89203 
89229 
89255 
89281 


10.10849 
10823 
10797 
10771 
10745 
10719 


10.10248 
10258 
10268 
10278 
10288 


.21473 
21457 
21440 
21424 
214081 


21375 
21358 
21342 
21326 


10.21309 
21293 
21277 
21261 
21244 


10 


C()-tang.|TaiiKoiil. 


10298 
10307 
10317 
10327 
10337 
103 17 


10.212281 
21212 
21195 
21179 
21163 


C*n-scraiii 


10.21147 
21131 
21114 

21093 
21082 
21066 


M  I 


60 
59 


57 


55 
54 
53 
52 
51 


10\«21887i  50 
?1870:  49 


48 
47 
46 


45 
44 
43 
42 
41 


40 
39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


10.21391  20 


19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 
7 
6 


5 
4 
3 

1 

0 


Secant.  '  M 


127  Dogs. 


Pppj. 


39  Pegs. 
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M 


0 
1 
2 
3 
4 


5 
6 

7 
8 
9 


10 
11 
IS 
13 
14 


16 
16 
17 

18 
19 


20 
21 

22 
23 

24 


25 

26 
27 
28 
29 


30 
31 
32 
33 

31 


35 
36 
37 
38 
J9 

•W 
41 
42 
43 
44 


HourA.B. 


Deg.  MO. 


ti  48  0 
47  62 
47  44 
47  36 
47  28 


Hourp.M.|     Sine,    j  Co-sine,   f  anient ^  ro-tan^'.|  Sprant.  jCo^jecantj    M 

9.«905«" 


6  47  201 
47  12 
47  4 
46  66 
46  48 


6  46  4a 
46  32 

46  24 
46  I6i 


45 
46 
47 
48 
49 


50 
61 
52 
53 
54 


56 
57 
58 
59 

M 


46  8 


46  0 
45  52 
45  44 
45  86 
45  28 


6  45  20: 
45  12- 
45  4 
44  56 
44  48 


5 


4-1  40 
4>(  32 
44  2i 
44  16 
44  8 


6 


6  44 
43 
43 
43 
43 


0; 

5i 
44 
36 

28! 


6  43 
43 
43 
42 
42 


20;  5 

12: 

4: 
56| 
48! 


6  42 
42 
42 
42 
42 


>0!  5 

24 

16 

8 


6  42 
41 
41 
41 
41 


0  5 


52 

44| 

2fi" 


6  41  !£0 
41  IS 
41  4 
40  56 
40  48 


40  40!  5 

40  32 


40  'IV. 

40  161 

40  8' 

40  0- 


2  Oi 


2 
2 
2 


8 
16 

24 
32 


9.79887 
79903 
79918 
79934 
79950 


2  40  9.79965 


48 

56 

4 

IS 


20 
28 
36 
44 
52 


6 
6 
6 
6 


9 
9 
9 
9 
9 
20 


79981 
79996 
80012 
80027 


9.80043 
80058 
80074 
80089 
80105 


4 
4 

4 
4 
4 


0 

8 

16 

24 
32 


40 
48 
66 
4 
12 


20 
28 
36 
44 
52 


0 

8 

16 

24 

32 


40 
'» 
56 
4 
12 


20; 

28 
3(> 
44 

_52; 

0 

B 
16 

24 
32 


40 

4  a 

56 
4 

12 


41 
5.! 


0 


9.80120 
80136 
80151 
80166 
801  }:2 


9.i>0197 
80213 
80228 
802  U 
80259 


9.80274 
80290 
80305 
80320 
80336 


9. 803.  J 1 
G0366 
80382 
80397 
80412 


9.80428 
80443 
8at58 
C0473 
80439 


89040 
89030 
89020 
89009 


9.88999 
88989 
88978 
88968 
88958 


9.88948 
88937 
88927 
88917 
88906 


.90837  10.09163110. 
908631   09137 
908:J9   09111 
90914   09086 
90940   09060 


9.90966  10.09034 
909y2i   09008 


91018! 


910431 
91069> 


08982 
08957 
08931 


9.9109510.08905 


10. 


10. 


91121 
91147 
91172 
91198 


9.88896 
838rj6 
88875 
88865 
88855 


9.88844 
88334 
8S824 
88813 
88803 


9.91224 
91250 
91276 
91301 
91327 


08879 
08863 
08828 
08803 

10.08776 
08750 
08724 
08699 
08673 


9.91353  lU. 08647 


91379 
9140-t 
914;M) 
91456 


08621 
08596 
08570 
08544 


10. 


10. 


li 


.887931 
38782 
88772 
88761 
88751 


9.HH82,I0.0851R 
91507;  08493 
91533   03467 


91559 
91585 


08441 
08415 


10. 


9.88741i 
837.301 
88720 
88709 
88099 


.9161o:!0.08.i:«0!lO. 
916:i6:   0S364 
916621   083.J« 
91683!   0U312 
9I71.;i   082S7 


9  886881  9 
88673 
8866rt 
886.)7 
88647 


917;w:i0.0«26l 
917651  082.i5 
91791;   08209 


91816 
91842 


08184 
08  log 


9.80:»04 
80519 
80534 
SOj.'iO 
80565 


9.80580 
80595 
80610 
80625 
80611 


9.80656 
80671 
80686 
80701 
8071 G 


20  y 


80731 
80741 ; 
80762 
8077"/ 

807y: 

80307 


9.88().}6 
88626! 
88615 
88(;05| 
88594! 


10. 


9.91«6:{.10.081.J2;10. 
91893   08107 
91919   08081 
91945:  OWKib 
91971:   08029 


9.88584 
88.>73 
88563 
88552 
83542 


9.919^6  10.08004 
92()22|  07978 
920.t8|  07952 
92073!  07927 
92099'   07901 


9.88531, 
8'J521 
83510 
88499 
88489! 


10. 


9.92125  10.07875 


92150 
92176 
'1220'' 
92227 


\)A\\'A 


•iy 


88168 
884..=57: 
CH447 
8S436 

&::425 


'H<nirp..M.  Hour  A.M.  Co-sim*.  •    Sine. 


9.92ri3 
92279 
9230  J. 
923;*0 
923^6 
923^1 


07850 
07824 
077l»K 
07773 


10.0774; 
07721 
07G96 
07670 
076  M 
07619 


Co-tans-'Taiijii-nt. 


10. 


10. 


09.>0  10.20113,  60 
0960   20097!  59 


0970 
0980 
0991 


1001 
1011 
10S2 
1032 
f04S 


10.52 
1063 
1073 
1083 
1094 


200821 
200(>6| 
20050' 

10. "20035 
20019 
20004 
19938! 
19973' 


58 
57 
56 

65" 

64 

53 

52 

51 


I0.19957i 

19942 
19926 
19911 
19895 


1104  10 

1114 

1126 

1135 

1145 


1156 
1166 
1176 
1187 
1197 


19880 
19864 
19849 
19834 
19818 


10.19803 
19787 
l9T72r 
19756 
19741 


1207:10.19726 


1218 
1228 
1239 
1249: 


19710 
19695 
19680 
19664 


60 
49 
48 
47 
46 


45 
4i 
43 
42 
41 


40 
39 
38 
37 
36 


35 
34 
S3 
32 
31 


125910.196491 


1270 
1280 
1291 
1301 


19634 
19618 
1^603 
19588 


30 
29 
28 
27 
26 


1312  10.19572| 
1322.   19.)57 
1332   19.H2 
1343   19527 
1353   19511 


25 
21 
23 
2S 
21 


1361 
1374 
1386 
1396 
1406 


1416 
1427 
1437 
144« 
1458 


10.iy4y6.  20 
1948]i  19 
19466  18 
19450 
19435 


10.19120 
19405 
19390 
19375 
19359 


1469  10.193441  10 


1479 
1490 
150l| 
1611; 


19329 
19314 
19299 
19284 


i5j:.J0.iy26yi 


15.52 


\dl.V 
1553- 
156  Ij 
157.>, 


iy254j 
192381 
1:1223 
l!r208 
19193 


5 

4 

3 

n 

T 

0 


ro-si***aiii   S«M-!iiil.  \    A1 


Vvvs  5'.'. 
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40  Dcgg. 
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l>egg.  139. 


■*r 


M    iHoiirA.M.'Hourp.M.      Sine,    i  Co-j-'me.  { Tanjernt.!  Co-lanjj.;  Secant.  iCo-secanti    M 


0  :  C   in     0   5  'JO     (il  0.80S07    9.88125!  y.l.'2.JciIil0.07t5iy:10. 11575  10.19193!  GO 


39  .52. 

39  1A 

39  36: 

39  28 


20  16; 
20  24| 
20  32! 


80022; 
80337 
80852 
80867 


88W5>' 
881(h! 
88391 
38383 


92  W7 
92433 
92158 
924f>4 


G  39  20  3  20  40 
39  12  20  48 
39  41  20  66 
38  56'       SI     41 

3S  481   21  12; 


9.80.;82|  9.8:;.>?2 
80897    88362 
8091 21   88.)51 
88340 
88330 


80927 
8094-21 


6  38  40'  5  21  20j  9.80957,  9.88319 
38  32|   21  281   80972;   88308 


38  24; 
38  16 


38 


8l 


21  .36  j 
21  44! 
21  52! 


80987. 

81002 

81017' 


88290 
88«.i>  I 
8827G 


9.92510 
92535 
92.C61 

92587 
92612 


0759.5, 


07567 

075421 

07516 


10.07490 
0746v> 
074.>f' 
0741. »} 


11585 
11596' 
116061 
11617 


rt« 


1917 
19163 
19148 
19133 


1U.1I628J1U.191U 
11638,  19103 
ll649i  19088 
11660'      n^n.i 


073S.I       11670)       190.58 


9.926j:;  10.07J62jl0. 116^1*10. 19043 
92';6.5}  07337!  11692.  19023 
'C'i'oy.      07311;       11702!       19013!  48 


92715, 
9:^7 !'»' 


072S5i 
072^0i 


11713i 
11724 


189981  47 
189831  46 


6  38     0:  5  22     0,  9.810.C    9.88266 

37  52'  22     8  81047        8;f55 

37  44'  22  16'  SlOrJl        '.y.:2il 

37  36j  22  24'  81076;       8i;234 


9 .•.•;:' ♦■.•;  10.07-;^i..lO.  1 17^4  10. 18968    4o 
i::.'-        07J0.i       1J745.       1S953    44 


37  28.       22  32!       81091        3.i223| 


6  37  20   5  22  40   9.81106    9.8::2I2 
37  12:       22   j:;i      81121.       88201 


9J.17: 

92;43| 

92- •«*,:;! 
1 


071C.^.j 
071571 
07132 


37  4: 
36  56' 
36  48j 


'I 

22  56| 

23  4i 
23  12 


811.;6. 
81151: 
81166 


88191 

88  inn 
88169 


9.92:;94!I0.07;06 


y292'JH 
929  Jo' 
92971; 
9299«ii 


0*1080 
07«»:>.^ 
07029 
07«J0J 


6  36  40;  5  23  20j  9.81180.  9. 08 1.38'  9.93022 


36  32; 
36  24; 
36  16; 


8; 


O'l  .'••■•1 

23  36' 
23  41; 
23  52: 


8119.: 
8i:iO. 

81225 
81-4'/ 


sun 

8';  126 
88M.-> 


930 1'j 
9.107.> 
9.>t.»Mi.' 
9.J124 


10.06978 
06952 
06921 
06!iOI 
06r.76 


6  36  0  5  24 


35  52 
35  44 

35  361 
35  28* 


0- 
24  8; 
2J  16. 
24  24- 
2  4  32 


:«  8lJ.=»i  9.;/;]n.-,i  .M».Ji.vM0.068.".0 


8 1 269 
8I2::4. 
8I2l'9 
8l.il  1 


8.':'j7:; 
88061 
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For  reducing  the  Moon's  Declination,  ea  nvon  in  the  NmaGM  Alminiir,  for  . 
Midnight  et  Greenwich,  to  any  oUier  time  nnder  any  other  Mcridtoa. 
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For  reducing  the  Sun's  Right  Aseension  in  Time,  as  eiven  in  the  Ifantical  Almanne  ior 
Noon  at  Greenwich,  to  any  other  time  nn&r  any  other  Meridian* 
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■  MAJORCA,  S.  point 
c         — 

o  ■ 


i 


N.  ditto 

\V.  ditto       .      .      . 
E.  ditto         .     ■ 
MAJORCA  TOWN 


JDrason  Islnnd 
Colebres 
Minorca.  S.  p'»;nt 
—  POkT  .MA HON 
•~-  N.  point 

Cane  Corse 
g  ISaint  Florenxo 

j^  AJBcio 
South  point 
Pape  >igiio 
BA5TIA 

X.  p.  LacnsarJo 
ipe  Asinani 
I ^ 'Cape  Cacria 
I  g  ;Cape  Otano 
n  <?ape  MaMeieua 

XAGLTAIU 
'Xape  Carbonm 

-Cape  Frmpces 

:OIaftn-         p'  . 

iCapeCarallo 


i^Manlil.N.w'nt 
llntioch  Island 
(Toto  .     . 

•Galha  I>1and 

*fCabreni 

;eh» 

Pliarra      ' 
|F0inDisi>e5 
h^onte  Chrifto 
jGilio  .      . 

JGanuvo 

lY*o*rR  -     ■ 


Lat. 
D.  M. 

:3»}  OKN 

38  39 
3S  43 
.■>3  £0 

39  13 

38  411 

39  U 

39  20 

40  07 
39  45 
39  42 
39  31 

39  49 
39  52 

.'39  43 
.  39  52 
.  (0  13 


Lon^. 
D.  M. 

3  OOU 
1  0  5TE 
1   24 
0  55 
1 
0 
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50 
37 


3  00 
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1 

I  2  07 
!  3  17 
;  2  39 


43 
J2 
42 
41 
U 
42 
42 


02 
35 
30 
52 
21 
14 
27 


1 

0 
3 
I 
3 

9 

9 

o 

4    f* 

u 

9 
9 
9 


59 
3*) 
42 
2« 
35 

19 
\h 
40 
44 
21 
37 
32 


L 

jCafira 
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41   14 

40  53 
4^  31 
39  09 
33  5«'t 
39  15 
3?  57 
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40  03 

ftO  43 
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MES5IXA 
jCajie  Orlando 
;Cape  Cefaln 
Cui'e  Cafrana 
;PALERM0 
;Ca^«  Alo< 
iCaiie  St.  Visto 
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9  jCape  Ruxo 
'^'  iCape  Alicatc 
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iSfilini 

Volcenfi 
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LMica 
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'.Martriimo 
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0  •'? 
9  .M 

9  :■: 

10  i: 

10  r:7 

10  (»5 

11  a)' 

11  1.T 

\,\  ^  •^ 


Lat. 
*  D.  M. 
.■40  31. N 

.  .IS  14 


33 

20 

33 

15 

30 

19 

3S  07 
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18 

yt 

17 

53  09 

37 

17 

37  n3 

30 

4i* 

3o 

41 

37 

05 

37  24 
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33  44 
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.  33  35 
.  3?  06 
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Pa\u.  S.  :-o  i.T 
^t.  Maura.  W.  :'-iii,» 
Cefrtlonia,  ?.  vojh! 
—  Cape  \  irc-.ir  jo 
Zan:p.  <.     >j|t 

:j  Ten:::-.  ^    :.o;riT 
J/  <>rr:jo:'-i' 
"^  Mi'?.  To'.V'i 

"i  ^Iy!e!erj«».  'l:-\  n 
■~  .'f  enedtis 
Le:  :n'>K 
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ADDITIONS  AND  CORRECTIONS,  TABLE  XLVt 


Page 


257    Col. 

1. 

Col. 

2. 

263    Col. 

2. 

ditto. 

264    Col. 

2. 

273    Col. 

1. 

274     Col. 

1. 

275     Col. 

2. 

ditto. 

276     Col. 

2. 

ditto. 

ditto. 

277     top. 

277     Col. 

1. 

Col. 

2. 

278     Col. 

1. 

ditto. 

Col. 

2. 

for  P.  Carachiue  nod 

fur  iVIontery  rvud 

for  Wakberon  read 

fuf  Gctten^rn  read 

fur  10®  50'  rtad 

for  Poiut  dc  iluWe  retid 

for  i^alangare  read 

for  Ker^uellan^s  read 

for  V2(.     14f.  read 

for  Coetiog  read 

for  Collomando/a'x  read 

for  JVJtfandous  read 

Seu^elli  read 


P.  Gaiactiioe. 

Monterey. 

Walchereii. 

Gottingen. 

10^  50'  E. 

Point  de  Galle. 

Sulangore. 

Kerguellan*8. 

12  fathoms,     14  fathoms- 

Coetivy. 

Collomandous. 

JV*i7/niandous. 

Seuvelli. 


for 

The  longitude  of  Flat  Rock  is  93^  40^. 

for    Billingbing  read    UtUimbing. 

for    Seditry  read    Sedary. 

for    Z^amarang  read    Samarang. 

for    Arrauyder  read    Armuydeu. 

Ditto..  I  have  considered  the  Euex  Shoal  to  be  the  same  as  the  Fairlie  Rock, 
nnd  have  given  its  latitude  and  longitude  as  in  Horsburgh^s  Directory,  namely  2P 
S7'  S.  107®  02'  E.  The  place  assigned  by  Captain  Orne  of  the  Essex  is  3®  36'  S. 
107®  00'  E.  differing  9  miles  in  latitude;  and  as  it  is  possible  that  the  rocks  may 
not  be  the  same,  I  have  now  given  Captain  Orne's  estimate  made  from  a  meridian 
observation  two  hours  after  tiriking  on  the  shoal,  June  26,  1804.  He  described  it 
as  a  small  rock  or  coral /yo/cA,  seen  by  the  man  at  the  mast-head  an  instant  before 
fihe  struck,  but  there  was  no  appearance  of  a  breaker^  though  the  breeze  was  fresh, 
and  a  short  sea  running.  In  the  act  oiwearing  ship,  she  struck  rather  on  the  side  of 
the  rock,  which  reduced  her  velocity  from  8  to  2^  knots,  after  rubbing  a  few  seconds, 
she  fell  off  into  deeper  water  (8  fathoms)  without  any  meterial  damage. 


Page  279    Col.  1. 
Col.  2. 


280    Col.  2. 
ditto  line  39. 


for  Toekoekeroon 

for  Cariniata 

for  Pulo  Battatn 

for  Dending 

for  Langald 

for  Tambelaris 

for  Asseo/ido 

for  last  article 


read  Toekoekemou. 

rikd  Carimata. 

rend  Pulo  Battam. 

read  Dinding. 

read  Sangald. 

read  TambelanV* 

read  Asseveido. 

read  No.  46. 


NEW  SOUTH  SHETLAND. 


The  following  Iltitudes  and  longitudes  of  places  in  New  South  Shetland  have 
Seen  procured,  from  different  sources,  siuce  the  printing  of  the  first  part  of  this  Ta- 
ble, it  contains  the  best  (though  very  imperfect)  account  that  cmild  l>e  procured 
at  the  time  of  the  publication  of  this  work.  The  person  who  gave  the  observations 
marked*,  observed,  that  the  latitudes  of  those  places  was  very  near  the  truth,  but 
there  might  be  some  uncertainty  in  the  longitudes;  the  same  remark  may  probably 
«pply  to  all  of  them. 


Clarence  Island,  Floyd^s  Promontory 

Cape  Bowles 

Cornwallis  Island 

Seal  Islands 

Cape  Valentine 

Sarah  Island* ' 

Obrien's  Islands 

Bridgeman*s  Islands 

Cape  Melville             .        .        .        .        k        . 
SberiffCape 

Ditto        (another  account)* 

Yankee  Straits* 

Ragged  Island 

Ditto        (another  account)** 

Ditto        the  harbour  (by  another  person)     . 

New  Plymouth 

Monroe's  Island,  President's  Bay  . 
Castle  Rock  (west  of  Monroe's  I.)  • 
Mount  Pisgah 

Ditto        (another  account)* 


61 
61 
61 
61 
61 


Lat. 
D.  M. 

60  57S. 

61  20 
00 
00 
OS 
22 
28 

62  00 
i€2  00 
62  28 
62  21 
62  30 
62  40 
62  42 
62  SS 
62  45 
62  46 

62  50 

63  00 
16^57 


I  Long. 
D.  M. 
54  06W 
54  08 

54  28 

55  32 

54  40 

55  30 

56  35 

57  12 
57  46 

60  57 

61  47 

60  22 

62  10 

62  20 

63  05 

61  37 

62  20 

62  30 

63  00 
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APPENDIX, 

fiPXTAUIISG   AtBTHODS    OF  DKTKRMIMXG   TIIK   LONC:iTUOB   BT   OBSERVATION 

OF   £CLIPi}J:8,    OCtULTATIONS,   ^C. 

THE  longitude  of  a  place  may  be  deter  mi  m'd  in  a  very  accurate  manner,  by  ob- 
serving the  beginuing  or  end  of  a  solar  eclipse,  or  occultation  of  a  fixed  star  by 
the  moon,  or  the  difference  between  the  times  that  the  moon  and  a  known  fixed  star 
pass  the  meridian.  These  observations  when  made  on  land  with  a  good  telescope 
and  well  regulated  time-kceperj  furnish  by  far  the  most  accurate  method  of  deter- 
mining the  longitude,  and  when  made  on  board  a  ship  without  a  telescope,  will  in 
general  giv6  it  to  a  greater  degree  of  accuracy  than  any  other  method.  For  this  rea* 
aon,  it  was  thought  proper  to  insert  in  this  Appendix  the  usual  rules  of  calculating 
such  observations,  by  means  of  the  Nautical  Almanac.  The  first  thing  to  be  taken 
notice  of,  is  the  method  of  determining  the  longitude,  latitude,  &:c.  of  the  moon  or 
other  object,  having  regard  to  the  unequal  velocity  between  the  times  for  which  these 
quantities  are  given  in  the  Nautical  Almanac.  This  calculation  is  rendered  much 
more  simple  by  making  use  of  the  signs  -j-  aud  — ,  and  perfoiming  addition  and  sub- 
traction as  in  the  introductory  rules  of  Algebra  ;  and-as  it  is  possible  that  these  rules 
may  not  be  familiar  to  some  readers  of  this  work,  it  was  thought  proper  to  prefix  an 
explanation,  as  f<ir  as  will  be  necessary  in  the  present  problems. 

Quantities  without  a  sign  or  with  the  sign  -f-  prefixed  are  called  positive  or  affirma- 
tive, as  7  or  -f*  7  ;  and  those  to  which  the  sign  —  is  prefixed  are  called  negative,  as 
—  7.  Addiiion  of  quantilits  having  the  same  sigtif  that  iSy  all  affintuUxve  or  all  nega- 
Uoe,  is  pf.rf»inw:d  by  adding  them  as  in  common  artthmelic,  and  prefixing  the  common 
sign*  Thus  the  sum  of  -|-  4  and  -|-  3  is  -{-  7.  Tin;  sum  of  —  4,  —  3  aiid  —  5  is  — 
J2.  When  the  quantities  have  not  the  same  sign,  the  posit  ice  quantities  must  bt  added 
into  one  sum,  and  the  negative  into  anothtr,  as  ubovc;  the  difference  of  these  tuosyms^ 
with  the  sign  of  the  greater  smn  prefixed^  will  be  tkf.  sum  of  the  proposed  quantities. 
Thus  the  sum^f  -f-  14,  —  7,  -{-  5,  and  — 2»  is  found  by  ndding  -f- 14  and  -f-  5.  w  hoj* 
sum  is  -f*  19  ;  and  then  —  7  and  —  2,  whose  sum  is  »  9 ;  the  difference  ol  19  ;ind  U 
is  lo,  to  which  must  be  prefixed  the  si^n  of  the  greater  number  19,  which  is  -f-,  so 
chat  tlie  sought  sum  is-f*  10.    The  following  examples  will  illustrate  these  rules. 


Ada  4-  4     Add  H-V  10"    Add  — d'  10*    Add  —4'  10"  Add  -f  1    Add  -H'    0" 

4-3  +2     5  — >     5  +2     ^  —1  -2   15 

-I-  7  : -|_4    13 

—  2     Suin+9   15     Sum  — e    15     S«in~2    5  Sum    0  -^3    f 

Sura  +12  Sum  +4  51 

Subtraction  is  performed  by  cfumging  the  sign  of  the  number  to  be  sublra^ted  froni 
^to  — yor  from  —  /o  -|-  ;  and  then  euUling  the  numbers  by  the  preceding  rule.  Thus 
lo  subtract  -f-  3  from  -|-  7  the  Mgn  of -f-  3  must  bo  changed,  and  the  numbers  —  Sand 
-f-  7  added  top.other  as  in  algebrn,  which  by  the  preceding  rule  gives  v^  4  ;  and  if  it 
were  required  to  subtract  —  3  from  7,  the  sign  of —  3  must  be  changed,  and  +  3« 
+-  7  adiicrl  together.  The  sum  -\-  hi  represents  the  sought  difference.  It  is  not  usual 
to  m.ikc  an  actu-\l  change  of  the  sis;R  in  any  proposed  question,  it  being  sufficient  to 
suppose  the  number  to  be  subtracted  to  have  a  different  bign  from  that  prefixed  to  it^ 
and  to  perform  the  operation  accordingly.  To  illustrate  this,  the  following  exam- 
ples are  added. 

Fro  +4'  10"      Fro.  -H'  H»"      Fro.  —4'  10"      Pro.  —4'  W     Fro.  +1      Pro.  —1       Fro.  +i 
Sub.  +2     5        Sub.  —2     6       Sub.  —2     5        Sub.  +2     5       Sub.  —1      Sub.  —I       Sub.  -|-1 

Re.  +2    5       Re.   +6     15     Re.  —2    5       Re.  —6    15       Re.    +2     Re.       0      Re.       Q 

Fxjm        108         From     —108  From        108  Prom    —108  From     —201 

ifub.  201  Sub.       —SOI  Sub.       —201  Sub.  201  Sub.  lOB 


Rem.      —93         Rem.      +93         Rem      +309  Rem.     -309  Ren.     —309 

Observing  that  when  no  sign  is  annexed  to  a  quantity  the  sign  •{-  is  always  under" 
stood  to  be  prefixed. 

PROBLEM  I. 

7>)  find  (he  longitude,  latitude,  ^c.  of  the  moon  at  any  given  time  at  Greemcichy 
having  regard  to  the  unequal  velocity  between  the  times  marked  in  the  J^autical  Alma- 
nac,    The  intervals  of  these  limes  being  12  hours. 

RULE. 

Take  from  the  Nautical  Almanac  the  two  longitudr.<;,  latitudes,  Sec.,  nextprecedinc; 
the  given  time  at  Greenwich,   and   the  two  inimedi:itely  following  it,  and  stt  iheni 
down  in  succession  below  each  other,  prefixing  the  «i^n  -|-  to  the  fcout^ern  IaUvv.nv'*.^ 
or  declinations,  and  the  sign  —  to  the  norlheru.     HwViUwc.X  ^^.Oa  v\  >\\v'^v  n^jx^  vv\\^% 
from  the  follov.inn  lor  the  firft  dif.ctnccs,r\\\K\  c'.\\\\V\<iwvevi\\^vvitv^'^\^>^>^N  vv:^\x-3r> 


1 


caatosction  or  tbx  ttfK  asd  hooit. 

The  lime  of  the  ecliptic  conjunclion,  ai  eWeu  in  tlie  Naulic»l  AlmadBC,  i«  e 
lequiml  In  ceconils,  the  rule  it  here  insened,  adapted  to  the  calculatioii  of  Ibe 

RULE. 
Take  (ram  the  Nautical  Almanac  the  two  lougitudea  oC  the  nin  and  motm  a 
nooB  and  midnight*  jirecedini;  the  time  or  the  cDnjuoclion  and  tha  two  iiuowdii 
.folloA'ing.  Subiraci  the  lougrtudet  oC  the  sun  fiom  Ihoss  of  the  moon,  oolinj 
atgni  aa  in  algebra,  the  remainders  will  represent  the  (ftifoncu  of  the  aua  frnn 
moon  on  the  ecliptic.  Subtract  each  of  iheie  from  the  following  to  oblaia  the 
differences,  and  call  the  middle  term  the  aich  A,  subtract  each  of  thew  diSen 
from  the  follnffing  for  the  iKnufrfi^f^rnieu,  and  take  their  half  auiD  or  mean  fo 
arch  B,  tiotinfi  Iho  signs  as  in  algebra. 

To  the  constant  logarithm  4,e354B  add  the  aritlintelical  complcBWDt  of  Ibe  k 
tlie  arch  A  in  seconds,  and  Ilie  lo^.  of  the  second  of  the  above  found  dislancei  ii 
condi,  the  sum  rejecting  10  in  the  index  vill  be  the  logicitbm  of  tlieappioximate 
lueofT  in  seconds. 

With  ibiK  time  T  at  the  side  of  Table  XLV.  and  tlie  arch  B  at  the  top  ITnd  tbeei 
lion  of  second  differences,  the  logarithm  of  which  added  to  the  two  first  Ingaiil 
used  in  finding  T,  will,  in  rejecting  10  in  tbe  index,  give  the  It^ariihm  of  the  coi 
lion  of  tlie  approiimale  lime  T  in  seconds,  to  he  applied  to  it  with  the  nune  i^ 
the  arch  B,  and  the  apparent  time  nf  the  conjunction  ax  Greenwich,  coutited 
the  second  nonn  or  midnight,  taken  from  the  Nautical  Almanac,  will  be  obtai 
Prom  which  the  time  of  conjunction  under  any  other  meridian  may  be  easily 
lained  by  adding  to  it  the  longitude  in  time  nbeneiulor  lubtraclin^when  weif. 
Reihahk  I.  When  the  lime  of  the  ecliptic  conjunclion  of  the  maon  and  a  pi 
is  required,  the  longitudes  of  the  planel  must  be  found  by  Problem  I.  for  the  i 
and  midnigbt  immediately  preceding,  end  those  immediately  following  the  tim 
the  cDiijunction,  and  these  are  to  ba  used  in  the  above  note  instead  of  the  sud'i 
giludes.  If  the  ecliptic  conjunction  of  the  moon  with  a  fixed  star  is  required,  its 
gitude  must  he  found  in  Table  XXXVII.  and  corrected  for  the  equation  of  the  e 
noxesand  aberration  by  Tables  XL.  XLI.  as  shown  in  the  explanation  ofihoM 
bles.     This  longitude  is  to  be  used  instead  of  the  sun's  in  the  above  rule. 

RgmabE  9.    By  the  tame  rate  the  time 
■he  sun,  may  be  found,  by  incteaEing  the  si 

quantity  the  moon  Is  supposed  to  be  distant  from  tbe  Sun,  counted'accotding  to 
order  oflhc  signs.  Then  supposing  a  jScfioiuaun  to  move  so  as  to  hare  these 
creased  Inn^iiudes  at  (be  Cbiresponding  limes,  and  finding  by  the  above  lute  the  t 
nf  conjunction  ofthe  moan  with  this^fioui  sun,  which  wilt  be  the  sought  time  w 
the  monn  is  at  the  pinposed  distance  from  the  sun.  Thus  to  find  the  lime  of  the  t 
aecnnd,  or  third  quarter  of  the  moqn,  the  tun's  longitudes  must  be  increased  3,  6 
9  ai'ns  respectively  (rejecting  as  usual  'I  signs  when  the  sun  exceeds  that  quanti 
Thus  if  the  first  quadet  ofthe  moon  which  happened  after  midnight  July  29,   IB 

^fi<»(tBunJuly29d.0h;  39d.  I2h  ;  SOd.Obi  and  30d.  ISh.  respectively,  Tt.  6°  f 
7i.  6°  34'  aa",  7<-  7°  3  9",  and  7».  7°  31'  61".  The  longitudes  of  the  moon  con 
pondingare6t.  23"49'I9",  7s.  0"  53' 34",  7s.  7^  ST' 30", "and  7s.  liPO'ST".  He 
the  time  ofthe  conjunclion  of  the  mnon  vllh  Ibej&iiou'  sun  found  by  the  above  n 
was  July  ISd.  !ih.  iV  at  Greenwich  i  which  is  the  lime  of  the  first  quarter  requii 
III  a  similar  manner,  by  increasing  the  longitudes  of  a  planet  ot  a  star,  the  time  d 
he  found  when  the  moon  is  at  any  prnposed  distance  from  it. 
EXAMPLE. 
Required  the  time  of  the  eclintic  conjunclion  of  the  sun  and  moon  in  Jan.  IdOl 
ie08,  J.in.    I        I)  tOFij.  0  Lode.      I    Dittiuicei-    I  Ist-  diBV  I       M.  HIT. 


+?  s!  SJi  A=ti  \ 


\ 
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tu>n  under  any  other  meridian,  as  for  example  30*^  W.  is  found  by  subtracting  the 
longitude  2h.  from  4h.  8'  51",  which  leaves  2b.  8'  51".  If  the  longitude  had  been  30^ 
£.  the  time  of  conjunction  would  have  been  6h.  8'  dl"* 

The  usual  method  of  calculating  the  parallaxes  in  eclipses  of  the  sun  or  occulta- 
lions,  is  that  by  the  nonagesimal  or  ninetieth  degree  of  the  ecliptic  above  the  hori- 
zon. Several  methods  have  been  proposed  for  calculating  the  altitudes  and  longi- 
tudes of  this  point,  which  are  required  at  each  of  the  phases.  The  following,  which 
is  an  improvement  on  that  given  in  La  Laude's  Astronomy,  seems  well  adapted  to 
the  purpose,  since  several  of  the  logarithms  are  the  same  at  each  of  the  phases,  which 
much  abridges  the  calculation,  and  on  this  account  it  admits  of  considerable  simpli- 
fication, by  a  table  like  that  on  page  562.  The  method  of  making  these  calculations 
will  first  be  given  at  full  length,  and  then  in  the  abridged  form  by  means  of  the  pro- 
posed table. 

PROBLEM  IV. 
Given  the  apparent  time  at  the  place  of' observation  counted  from  noon  to  noon,  ac- 
cording to  the  manner  of  astronomerSf  the  sun*s  right  ascension,  and  the  latitude  of 
the  placCf  reduced  on  account  of  the  spheroidal  figure  of  the  earth  by  subtracting  the 
reduction  of  latitude  Table  XXXVllL  To  find  m  altitude  and  longitude  of  the 
nonagesimal  degree  of  the  ecliptic. 

RULE  NOT  ABRIDGED. 

Add  6  hours  to  the  .sum  of  the  sun^s  right  ascension  and  the  apparent  time  of  ob- 
servation, and  call  the  sum  the  time  T,  rejecting  24  hours  when  it  exceeds  that  quan- 
tity. Seek  for  this  Ume  in  the  column  of  hours  of  Table  XXVII.  supposing  that 
marked  A.  M.  to  be  increased  by  12  hours,  as  in  the  astronomical  computation.  The 
corresponding  log.  co-tangent  being  found,  is  to  be  marked  in  the  first  and  second  co- 
lumns, as  in  the  following  examples. 

ffthe  reduced  latitude  is  noriA,  subtract  it  from  90^,  if  iouth,  add  it  to  90^,  the 
sum  or  difference  will  be  the  polar  distance.  Take  half  of  this,  and  half  the  obli- 
quity of  the  ecliptic,  and  find  their  difference  and  sum.  Place  the  log.  co-sine  of  the 
difference  in  the  first  column,  its  log.  sine  in  the  second  column.  The  log.  secant  of 
the  mm  in  the  first  column,  its  log.  co-secant  in  the  second  column,  and  its  log.  tan- 
gent in  the  third. 

The  sum  of  the  logarithms  in  the  first  column,  rejecting  20  in  the  index,  will  be  the 
log.  tangent  of  the  arch  G.  The  sum  of  these  in  the  second  column,  rejecting  20  in 
the  index,  will  be  the  log.  tangent  of  the  arch  F.  These  arches  being  lus  than  90^ 
when  the  time  T  is  found  in  the  coluxnn  A.  M.  otherwise  greater^  This  rule  is  ge- 
neral except  in  places  situated  within  the  polar  circles.  Within  the  north  polar 
circle  the  supplement  of  F  to  360°  instead  of  F  must  be  taken ;  within  the  s(ruth  po- 
lar circle  the  supplement  of  G  to  180^  must  be  taken  instead  of  G,  the  other  terms 
remaining  unaltered.  In  all  cases  the  loni>itude  of  the  nonagesimal  is  equal  to  the 
sum  of  the  arches  F,  G  thus  found,  and  90°.  Rejecting  360°  when  the  sum  exceeds 
that  quantity. 

Place  in  the  third  column  the  log.  co-sine  of  G,  and  the  log.  secant  of  F,  the  sum 
of  the  three  logarithms  of  this  column,  rejecting  20  in  the  index,  will  be  the  log.  tan- 
gent of  half  the  altitude  of  the  Nonagesimal. 

EXAMPLE. 

Required  the  altitude  and  longitude  of  the  Nonagesimal  at  Salem,  in  the  reduced 
latitude  42°  22^  A"  N.  June  15, 1806,  at  22h.  6'  18M  apparent  time  by  astronomical 
computation,  when  by  the  Nautical  Almanac  the  sun's  right  ascension  was  5h.  36' 
50",  and  the  obliquity  of  the  ecliptic  23°  27'  48". 

The  sum  of  the  apparent  time,  sun^s  light  ascension  and  6  hours,  rejecting  24 
hours,  is  9h.  43'  8".1=T.  The  polar  distance  is  47°  37^  56",  its  half  is  23°  48'  58", 
and  the  half  obliquity  11°  43'  54",  hence  their  difference  is  12°  5'  4",  their  sum  35° 
32*  52".     The  rest  of  the  calculation  is  as  follows : 


Diff.  120  5'  4"  Co-sine 

Sum  35  32  52    Sec 

T.    9h.  43'  6".l  P.  M.  cot. 


fj.    1590  ^    0" 

F.     173    40    31 

90 


Tan. 


Col.  I. 
9.99037 
10.08957 
9.48826 

Sine 
Cosecant 

F.  Tan- 

Col.  ?. 

9.32088 
10.23554 

9.48826 

G. 

F. 

33059' 
67    53 

Col.  3. 
Tangent    9.85403 
Co-8lne      9.97215 
Secant     10.00265 

9-56810 

9.04468 

25"=Tan.     9-8288.3 

50  =Alt.  Nonag. 

Hum  63    22    31    rejecting  360^,  is  longitude  NoDageF. 

The  two  upper  logarithms  of  the  first  and  second  columns,  and  the  upper  logarithm 
of  the  third  column,  vary  but  little  in  several  centuries  ;  and  as  t.K<i?<s.  vv\vwJ<^^x^  ^t^-^vix 


5te  *a  FIND  ISM  ALTmMC  AM)  LOROIVCVB  OF  Ta»-*6»All1lli>li. 

(vice  in  calculalinE  a  pailiil  eclipse  or  orcultMlon,  and  Unit  time*  in  ■  WW 
annular  eclipae  or  iraneit,  it-will  Mnd  camidsrablj  la  abridge  the  calcnlatioi 
hire  a  table  like  Ibe  following,  containing  their  TRtuaa  (or  variiHU  plam,  fn 
obliquiif  23°3T'40",  trlib  [b»Ta>ialiani  for  an  iaccaBie  of  IM"  in  ibe  lalltui 
obliquity.     The  laguilfami  A,  B,  C,  of  tlie  table  were  (aleulaled  in  ihe-'foUo 

In  narlh  latitudes  gublrael  the  redueed  latitude  from  90°,  in  imiHl  l«titodM 
ttie  reduced  latitude  to  90°,  tbe  eum  m  difference  will  be  the  pcdatjdittaiMa ; 

hnirnf  thl.  anil   hnir  nf  lhi>nhTiniiilT  aT  the  aclinllr  11°  «.¥.«»''_    mu)  Anri'tlw 


TabL 

Var.  for  +  8"  Ohl. 

bought  vnlurt  ^ 


VO  nSD  TDK  ALTITUDE  ASU  I.O^CITL-UK  OV  THE  XOXAnUr 

.ibridged  incllud  affalcululiag  tlie  alliludi:  a-ut  h;tf,ilnde  of  IhiJi'aiuiKtsiinal,  hg  i/i 

pitccitiOK  Tnblt. 

Aitri  roEoiiinr  Ihs  tun'i  ri^jhl  aiL-eiisiuii.  IliB  H|ipait'nt  lime  ni  llir  |<i4cr  i-l'  ol'^crvi- 

tiun,  (euuiiliH)  Tr nnon  lu  iiimii)  tiiid  !i  lioum,  Hu<  mm,  ruJHcliiij  21  u:  'Id  lixict  i 

eruAler  Uino  lltme  (|U'"''t<<:>i  '■  ■"  '»>  «nlt*'l  'I'v  '■>>'>'  '1' ;  Hi"  ><  ^i  <>'-'  f>uii;:i1  r<ii  ir 
iliocoliiiiiiifllliniiri'iil'I'iiLIu  \\\'ll.  bii]i!-»«u^  Cm  <*i>liinii>  iiiaikvl  A.  >i.  i.i  U'  III' 

mLtLiiKoui,  aitdoil  u>  Uw  log.  A  01' Uu)  Tobla,  |>iv<>>  ihti  Inc.  i.iii>(iiit 'il'  iliu  bicli  i: 
tliis  adiled  M  Ihi)  lu°.  It  nriha  Tablt,  nrjaciiiig  lU  in  thn  imlix,  will  tin  tlm  h>)c  luii 
Kciil  ufttw  aich  F  ;  Ihi-so  archri  twiug  /iw  ihiaM-'  »hi-ii  T  u<  Ibuiid  iu  dip  colunii 
A.  AI.  ottwrKini  gfaitcr.t  'lliii  iiilo  ik  itctik'inti  cxrrjit  in  p).ll:e^  •iii.<li'il  u'jiliin  ilii 
polar  cirElDSi  wliicb  it  a  caw  t!int  vi-i  f  ■  iii  cly  iii.i:iic»  '■ViUnn  iSv  >.<ir'/;  ^hiIui  I'ir 
dr,  l!le  kupiileiiitntiirFlDdRil  ,  m  m' :.r  UM^f  iii>li'«^  oi'  1';  »>  liiti  !•»' I'r'f/i  pi>lr>i 
drclu,  llu  kiiii|ildmaut  uf  U  t:)1ii(l'',  u  lii  bi- inkrii  iiiciuiii;  u:  (i,  thu  uLlii.'rii.'[i!ih  ic 
niaiuin^  uiiiiltnr«<t.  'fi.i'ii  th.'  t^.tnl'mlv  •■/  iht  .\\i.-igi»itHa!  U  ■■<|iiiil  ui  ilis  biiiij  n, 
theBrchwl'',U,  aiuHW;  uuj;!.  ctliig  ikUsiiul  JGI^' uhuu  IliK  :unicxi:rviiiiiU:il  iiiiaii' 


£S.i 


.l.tc  lo;;.  <: 
irch  ■',  il.^  sum,  icji^vtli 
iii'L^  ui  iliu  Nunuscliiiii 

Rii4Uif('.l  llin  ultitii.li 


II  iliu  ii 


IK  log 


>ll<]ll>L'tu<.: 


r  ii.i 

il'  \\M  (111!  aili- 


/'■'; 


KJiAMl'l-t:  I. 

■i  liiiii-itiKlui  III'  tli>'  .VnnaEjoi 
ii.iiii:  iiiiaeiidDrHii'i: 


It  \-n 


i    S  IL.  A«-i-ii<->uu 


KXAMI'l.!::  II. 

ItL-iiuirrd  llie  nitiiuiliiii  nml  liiui^iiuJvt  ul'  llic  Xoiiuzefiiiiul  ui 
;:.cillii.i>c<i  iu  llie  Exuinl'lu  uf  I'roLiUm  Vli..^ 

ImHttrilun,  Emi 


IS'  T*'    Tic     i.^MA   C»4,    tennii 

II  «.Svi4l  C        IUUil7LlI 

1148     T«B.     B-MWi    Se:.     W.WMi 


Al-.ituu^  S«iui[en    Ul  17  31  AMliMic  Kan£«t    T4  U  11' 

III  iliGK  calculn'ioD't  it  i>  usual  la  mko  tlie  sun'*  lishl  BKemloii,  nr.d  the  npjin- 
ri'iil  iihir4,l«  ti-mhml'a  ti't-.'nit,  und  to  toki  pn^rtiniial  narttfui  the  icEonils  viid 
iciiEha  in  liiiiliii-  the  loo.nrlliiins.  Tiiui  iu  E\iuupls  1.  iu  fliHliiii;  tlic  Inc.  'lo-  'iinc- 
ut'  Oil.  43*  il".l  ;  till!  iivareit  logBrilhnu  are  &.4tM8,  tAtWi,  Ruiics'Kinditic  ii.  IU.. 
\X  4"i  au.l  Oil.  AS  li^'.  ThiHKi  lofBrUlinn  dilwr  44.  tlio  liiiic*  B",  and  ihi-  (IKu'^riu-n 
lHit»ci!ii!ili.43'J",  Biiri9li.43'!>~.l,  U4".l.  .Ilcnco  ■"  :  4S  : :  4'.!  :  23  ilw  otrcr. 
linn  t'il>i-ii.ii':di.'iedfromllwl:r([  log.  9.411149,  (Iwcauia  it  is  ducigBuii|)  Iu  oliuio 
;liv  bii;i>!  Lit;,  co-tang.  S.4eilM. 


;  ^:rWl)-t:i.TLi;-.-J 


I  VruJ froB Iba   >-i;yii.^jilc>-iTal>i  i.-.u- fl.;.! 
:j  nutli  B  oT  Iu  I'dmnl  \\ir  •u'ht'u;!',  0.  "i' 


T  ij  It  hnin.  ii  nntt  I-p  cnlti!il 

riiiiunBA.M  iillior'luclvir. 
iPltur  nf  <»->l.  (11 1  A.  ai.  !f0M 
•;. ■  n.iM  rlKln. 
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log.  sine.  The  parallaxes  may  be  calculated  to  the  nearest  second  by  proportional 
Ifigarithnu.  When  greater  accuracy  is  reqairedi  common  logarithms  must  be  made 
use  of. 

To  illustrate  this  rule>  the  following  examples,  corresponding' to  the  times  of  the 
beginning  and  end  of  the  total  eclipse  of  the  sun,  of  June  16,  1806,  as  observed  at 
Salem,  are  given.  The  elements  necessary  for  this  purpose  have  already  been  cal- 
culated in  Problems  I.  and  IV.  For  greater  accuracy  the  longitudes  and  latitudes 
of  the  moon  are  corrected  for  the  errors — SS^.S  in  longitude,  and  —  H".4  in  lati- 
tude, which  were  found  by  comparing  several  observations  of  the  eclipse  made  at 
differeat  places. 

EXAMPLE  I. 

Given  the  altitude  of  the  Nonagesimal  67°  58'  50",  its  longitude  63°  2af  31 ',  the 
lengitudt  of  the  moon  83°  49' 3^.5  her  latitude  24'  27''.4N.  her  horizontal  parallax 
60^24''.!,  the  latitude  of  the  place  5>f  observation  439  33'  30*':  required  the  paral- 
laxes in  loi^itude  and  latitude  ? 

The  c(#rectifln  in  Table  XXXVIII.  corresponding  to  the  latitude  439  SS'  30'',  and 
parallax  60'  24".l  is  5'^6,  this  and  the  8un*s  horizontal  parallax  8''.8  subtracted  from 
gjp  >'s  horizontal  parallax  60^  24''.  1  leaves  the  reduced  parallax  60'  9".7=3609".7. 
The  longitude  of  the  Nonagesimal  63°  22^  31"  subtracted  from  the  moon's  longitude 
83^  49^  3^',  leaves  the  tnoon^i  distance  from  the  Nonagesimal^  20°  26'  32''  equal  to  the 
arch  D,  because  less  than  180°. 

Calculation  hy  common  Logarithms. 


Reduced  par. 
Alt  Nonac. 
)*a  true  lat 

CoDBtant  loff. 
D 

Appr.  par. 

D  +  Appr.  par. 
Coostant  log. 


3609"    7 
€7  58  50 
14  37.4 


S0M33 


Log.  3.65747 
Sine  9.96710 
See.  19.00001 


1169"=:  19  89 
2046    I 


3  52458 
Sloe  9  54315 

Log.  3.06779 

Sine  9  54970 
3.59458 


Log.   3.07428 

Sine  9.54980 
3  52468 


Log.   307438 


Reduced  par. 
Alt  Nooag. 
)*sapp.  lat 


3609    7 
67  58  50 


Log. 

Co-8l. 

Co-si. 


I  prt  p.  1353".3    =  +22*  33".3    Log. 
)*s  true  latitude  —    34  27.4 


3.55747 

9.67394 

10.00000 

3.13141 


>*•  approx.  lat. 

Reduced  parallax 
Alt  Nonag. 
D  +  *P 

2  part  par. 
Approx.  lat 
)'sapp.  lat 


—  54.1 

20  36  25 

—  1"7 

—  1  54    1 


Sine      6.743 


—  1  55    8      or      1'  55".8  N. 


Cor.  par.         =lI8r'=lB  47 

D  -I-  cor.  par.  20  46  19 

Constant  log. 

Par.  long.  P  1I86".8=19' 46.8 

>*8  true  longitude  83  49   3.5 

)*sapp.long.         84    8  6a3 

EXAMPLE  II. 
Given  the  altitude  of  the  Nonagesimal  70°  57^  46",  its  longitude  95°  26'  36",  the 
longitude  of  the  moon  85°  29'  32".6,  her  latitude  15'  10''.4  N.  her  horizontal  parallax 
60^  27'^0,  the  latitude  of  the  place  of  observation  42°  33'  30".     Required  the  paral- 
laxes in  longitude  and  latitude .' 

The  correction  in  Table  XXXVIII.  corresponding  to  the  latitude  42°  33'  30^'  and 
parallax  60'  27",  is  5".6,  this  and  the  sun's  horizontal  parallax  8".8,  subtracted  from 
the  moon's  horizontal  parallax  60^  27''.0  leaves  the  reduced  parallax  60'  12".6.  The 
longitude  of  the  Nonagesimal  95°  26'  36",  subtracted  from  the  moon's  longitude  in- 
creased by  360°,  viz.  445°  29'  33",  leaves  the  moonU  distance  from  the  Mmagenmal 
350°  ft  57 ',  the  supplement  of  which  to  360°  is  9°  5^  3"  equal  the  arch  D. 

By  proportional  logarithms^ 
60^12^.6     F.L.     0.4766   Reduced  par.  60*  12.8 


Reduced  par. 
Att.  Nooag. 
>*s  true  lat 

Constant  log. 
D 

Approx.  par. 

D  4-  appr.  par. 
Constant  lo^. 

Corrected  par. 

D  -f-  cor.  par. 
Constant  log. 

Par.  long.  P. 

)*s  true  long. 

^'sapp.  long. 


70  57  46 
15  10.4 


957    3 

9  SO 

10    6  53 

10    0 
10    7    3 

10    0.0 
n5  29  33.6 
«5  19  32  6 


Co-ae.  10.at44 
Co-sl.  10.0000 


0.5000 
Co-se.  10.7624 


P.  L.      1.2824 


Co.ae.  ia7554 
a5000 


P.U      12554 


Co-se.  10.7553 
0.6000 


P.  L.      1  2553 


Alt.  Nonag. 
>*8  app.  lat. 


70  57  46 


P.  L.  a476« 
Sec.  10.4865 
Sec.    10.0000 


I  part  par.  lat.  -f-    19  38    S 

>*s  true  lat  —    16  10    4 

>*8  appr.  lat.  -f     4  28    1 

■  ■  ■     » 

Reduced  par. 
Alt  Nonag. 
D-l-iP  ' 

3  part  par.  lat  4* 

Approx.  lat.  -)- 

Apparent  lat  + 


P.L.    0.9681 


K)    2    3 

4.4 


Co-se.    12.88fi 

P.  L.  a47S(i 

Co-se.  10.0844 

Sec.  10.0067 

P  Ii.  3.3927 


4  2iV.l 

4  32  5     or     4'33"6  5. 


A6b 
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EXAMrLK  III. 
Knniiirorl  thr*  par:ilUxM  in  longitude  and  latitude  nt  the  time  of  the  ncrultntion  of 
Spii -:,  f  )l>c.  12,  I0O8,  at  tlie  times  and  place  inentioocd  in  the  Kxample  of  Problem  VII. 

ImmcrMion. 
P.  li       n  47;  2 


Hr  III 'I  il  pir. 
All.  >.u'l. 
)■■«  tiijp  Ie». 

C'nn-t  mt 
li 

Ai»;'r.  \<AT. 

D  -f-  ii'.'j-r.  |-*r. 

CorrrrK  .'  p.ir. 
l>  -f-  c'lirr.  par. 

Tar.  Ion;.  P 
")  tn  f»  i.-iii^; 

>  app.  liiu:;. 

Ki'ilui'u'l  par. 
,M'..  .\oii. 

>  lr.a-  hit. 

r.tr.'l.i:i( 
i) 

Appr.  liar. 

1)  -j-  :i;.pr.  par. 

l.'uil.itHIlt 

Corrfrtc'lpar. 

■p  +  porr  par. 
Con  :  tnl 

Par-  lonR.  P. 
)  Iru);  Itiiig. 

>  app.  ionj; 


5*J'  50"  .9 

81  17  '.Hi 
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Havirivithns  explained  tlio  method  of  calciilatine;  the  para11ri\eF  nf  thi>  moon,  it 
now  r-?n-:iin.s  tn  ^ivc  the  rules  for  finding  the  longitude  by  rclipyos  and  ncciiltation?. 
The  mr^iu  o1)J<>cl  in  these  calculations  is  to  dptcrmine  from  1  he  observrd  bej^inning  or 
rmi  of  the  criipsu  or  occultationi  tiie  prR<:i$v  time  of  the  ecliptic  conjunction  of  the 
sun,  or  Mar  and  moon  free  from  the  oficcts  of  paralla.^,  counted  on  the  meridian  of 
tin:  pi.;re  of  olisorvation ;  since  the  difterenrc  of  the  timeK  of  conjunction,  obtained  in 
'this  manner  nt  two  places,  will  he  their  dififerencu  of  longitude.  If  the  lunar  and 
Folnr  taMo.s  were  p^^rfectly  correct,  the  longitude  might  be  determined  by  taking  tbe 
difleuMiro  between  the  time  of  conjunction,  given  in  the  Nautical  Almanac,  andUiat 
deduri-d  iVom  tlio  nhservalions  of  the  eclipse  or  nccuUation;  but  it  i^  much  mOffSac- 
ruratr  t'>  cnnip'iro  the  times  deduced  from  observations  actually  made  attheplocsi 
for  wiric.Ii  t'ne  liir'Vrcnce  of  longitude  is  sought.  There  arc  two  ditToMMit  iMtbodt  rf 
find]*!'-.  i::i'  t>c]ipt:c  conjunction,  nccornin;;  a^  the  latitude  of  the  moon  is  siippovW  to 
lie  :u>:(ira;ciy  kncnvn  or  not.  if  the  latitude  was;;ivcn  correctly  by  the  luimrtaUes^ 
or  w.'iF  ii'-<.urat-'ly  known  by  orher  observations,  the  ecliptic  conjunction,  anfl  the 
In.i'-.rtiicij  of  the  pl.u'i*  might  hv  Jeiormined  by  each  of  the  phase.«<  of  the  eelijjso  or 
0(:«*iii!.itiiiM,  or  ilie  methcd  given  iii  Problems  V ill.  and  IX.  But  the  moon 's.latitude 
not  b'M!i-^  ,'..■!. rrnlly  given  to  u  .'^ufticient  degrti*  of  accuracy,  it  is  usunl  to  combine 
ti);;rih  .  tjjc  ()i)s<Mvutiotjs  of  the  beginniag  and  cnf!  of  tlje  ec!i|»s«  or  orcultation,  or 
t!:p  'lO^.iiii.iM  ( •iw]  nitl  of  totiti  darkness  in  a  total  eelipL^e, or  the  two  internal  contacts 
of  .11  aiinrii.ir  eel  in  c,  to  a^certnin  the  error  of  the  moon^s  latilu.le.  br  the  method 
{;ive.i  ill  I*io!i|(  i::.-  \  i.  and  VII.  In  making  the  ralculatioi)**  in  these  Problems,  it  will 
!'<■  net:<  ss.jry  tr.  i- nov.  nearly  the  longitude  of  the  place,  in  uxtWx  t.>  find  the  supposed 
tirur-  at  <iii-i.<nui(:li.  -o  ::s  to  take  out  the  elements  iVori  tii'^  ^i  a  uliral  Almanac  :  and 
if  ilip  l')nR".iu''{^  fl'.'iJiti ;  -i  from  the  obsiervation  ahouid  difnr  considerably,  the  opera- 
tion v\v*'i  l'(.'  iop-.:t«;  ;  wiih  \hc.  lonp^ilude  obtained  by  thi.«:  operation. 

•>■  ".'\i.»  r.  r  ■ '-  '?\'.«*  VV'^W.^-  '■=  \{.<  \\  ■  mu«.{  fir^t  le  uswJ,  its  lo;.  ^ei  a:»t  liCiuq  10.0002. «  Uich  ;:i\T!i 
\  \''  \  •'.  V'.T",  /  »t.  '^  '.\' .  v\\v.*\\,  a'\v\*h\  \r»  v\\c  \T.\»'.\iJCv\.\\0.^.«»^  \.te  au>nn.  civc  the-  a; -p.  U*..  near  I  r  L^ 
\  W .  I'lip  U\.  s»»tai\\  c?  ^VicV  v*  \v^.^>llyY,v  «&  ^sJnw**.  '\\s*  ctiwnVti!wft\»c \>t»  <ew«\^iintt  \m  r:at!c  'in  • 
•  .i«iil;iTmar.Ti»'r. 


I'!;i;lisked  uy  f 
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TO   FISID  TUJB  ^ARiLLLlXSS   OF  THS  MOOff.  ^7 

PROBLEM  VI. 

Givtn  the  lalitudt  of  the  placcy  and  the  apparent  limes  of  the  beginning  and  end  of 
a  solar  eclipsey  counted  from  noon  to  noon,  according  to  the  method  of  Astronomert^to 
Jind  the  longiltide  of  the  place  of  observation. 

In  the  rule  for  solving  this  Pioblern,  references  will  be  made  to  fig,  12,  Plat©  Xlf. 
in  which  DSE  represents  a  small  arch  of  the  ecliptic;  S,  the  place  of  the  centre  of 
the  sun,  supposed  at  rest ;  F,  L,  the  apparent  places  of  *he  centre  of  the  n^oon  at 
the  beginning  and  end  of  the  eclipse  ret«pectively  5  FD,  SC,  and  AEL,  are  perpendi- 
cular to  D£,  FA  parallel  to  D£,  and  SB  perpendicular  to.FL.  Then  it  is  evident  that 
FD,  LE  represent  the  apparent  latitudes  of  the  moon,  which  fall  below  DE  if  south j 
above  if  north;  and  SF,  SL  represent  the  sums  of  the  corrected  semi>diameters  of 
the  sun  and  moon,  at  thtt  beginning  and  end  of  the  eclipse  respectively' 

,  RULE. 

To  th^pparent  times  of  the  beginning  and  end  of  the  eclipse  add  the  estimated 
longitude  of  the  place  in  time  if  it  is  westy  but  subtract  if  east  t  the  sum  or  difference 
will  be  the  supposed  time  at  Greenwich  ;  corresponding  to  which,  in  the  Nautical 
Jlhnanac  find«  by  Problem  I.  the  moon^s  semi -diameter,  horizontal  parollax,  longi- 
tude and  latitude,*  and  the  sun's  serai- diameter,  longitude  and  right  ascension  ;  also 
the  moon^s  horary  motion  from  the  sun,  by  Problem  II.  Decrease  the  sun's  ccmi- 
diameter  3^"  for  irradiation,  and  the  remainder  will  be  his  corrected  semi-diameter. 
Decrease  the  moon's  semi-diameter  2"  for  inflexion,  and  to  the  remainder  add  the 
correction  iu  Table  XLIV,t  the  sum  will  be  the  moon's  corrected  semi-diameter. 
Find  also,  in  the  Nautical  Almanac,  the  obliquity  of  the  ecliptic. 

With  these  elements  and  the  apparent  time  at  the  place  of  observation,  calculate 
the  altitudes  and  longitudes  of  the  Nonagesimal,  by  Problem  IV  ;  the  parallaxes  in 
longitude  and  latitude,  and  the  moon's  apparent  longitudes  and  latitudes,  by  Pro- 
blem V. 

Take  the  difference  between  the  apparent  longitudes  of  the  moon  at  the  beginninfi 
and  end  of  the  eclipse,  and  subtract  therefrom  the  difference  of  the  sun's  longitudes 
at  the  same  times,  the  remainder  will  be  the  relative  motion  in  longitude  DE  or  FA. 
The  relative  motion  in  latitude  AL,  is  found  by  taking  the  difference  of  the  moon's 
apparent  latitudes  at  the  beginning  and  end  of  the  eclipse,  if  they  are  both  north, 
or  both  south,  but  their  sum,  if  one  be  north,  the  other  south.  Fiom  the  logarithm 
of  FA,  increasing  the  index  by  10,  subtract  the  logarithm  of  AL,  the  remainder  will 
be  the  log-tangent  of  the  angle  of  inclination  DSB,  this  angle  is  to  be  taken  f^reater 
than  90^  when  the  moon's  apparent  latitude  FD,  at  the  beginning  of  the  eclipse  is 
greater  than  at  the  end  EL,  otherwise  less.|;  Then  to  the  log.  co-secant  of  the  angle 
of  inclination,  add  the  logarithm  of  the  relative  motion  in  longitude  FA,  the  sum 
rejecting  10  in  the  index  will  be  the  logarithm  of  the  apparent  motion  of  the  moon 
FL  on  her  relative  orbit.  Then  in  the  triangle  SFL,  the  sides  SF,  SL,  represent  the 
sums  of  the  corrected  semi-diameters  of  the  sun  and  moon  at  the  beginning  and  end 
of  the  eclipse,  and  these  with  the  relative  motion  FL,  are  given  to  find  the  angle  FSB, 
(by  Case  VI.  Obi.  Trig.)  Thus  :  to  the  log.  ac.  co.  of  FL,  add  the  log.  of  the  sum 
of  SF  and  SL,  and  the  log.  of  their  difference,  the  sum  rejecting  10  in  the  index  will 
be  the  logarithm  of  the  difference  of  the  segments  FB,  BL ;  half  of  which,  added 
to,  and  subtracted  from  half  of  FL,  will  give  the  two  segments  FB,  BL,  the  greater 
segment  being  contiguous  to  the  greater  side,  whether  SF  or  SL.  Then  from  the 
logarithm  of  the  segment  FB,  increasing  the  index  by  10,  subtract  the  log.  of  SF,  the 
remainder  will  be  the  log.  sine  of  the  angle  FSB,||  which  is  always  less  than  90^^  : 

*  Correctcdfor  the  errors  of  tbe  tables  in  kmgitude  and  latitude,  when  known. 

f  This  correctioD  roust  be  fouod  after  the  altitude  and  longitude  of  the  Nonasesioial  are  calculated. 

t  This  rule  is  equally  true  whether  tbe  latitude  be  of  the  name  or  different  nam&n.  If  the  latitudca 
are  equal  and  of  the  aanoe  name,  the  angle  DSB  will  be  90^.  If  they  are  eoual.  but  of  different  name*, 
the  an^le  DSB  may  be  taken  acute  or  obtuse,  aince  in  that  iCase  the  angle  FSB  Is  9(:<).  Strict  I  v  apeak, 
ing,  when  the  points  F,  L,  fall  on  different  sides  of  the  line  DR.  the  aogle  DSB  is  greater  or  lest  than 

FD  KL 

900 :  according  as  tlie  expression is  greater  or  less  than but  as  the  divisors  SL  and  SF  are 

8P  SL 

nearly  equal,  they  may  be  neglected,  (as  in  tbe  above  rule)  except  in  a  case  which  very  rarely  00 • 
rurs,  namely,  when  the  difference  of  6L,  SF  Is  greater  than  tbe  dlfferenre  of  the  two  app.  latUtidra 
EL,  FD,  in  which  case  the  rule  in  this  note  must  be  made  U9e  of.  Observing  that  the  fraction* 
EL    FD 

represent  tbe  quotients  of  the  moon*8  apparent  latitudes  divided  by  the  sum  of  the  lemi- 

SL    SK 

diameters  or  the  sun  and  moon.  ^ 

II  When  SF.  iSL  are  equal,  or  their  difference  is  so  small  that  itmly  be  neglected,  the  log.  sine  of 
the  an»le  FSB  noay  be  obtained  much  more  expeditlotsly  by  suhtmcting  tbe  log.  of  the  sum  of  SF 
and  SL,  from  the  log.  of  FL  increasiog  the  index  by  10.  This  method  may  almost  always  be  made 
use  of  without  much  error.    It  is  tbe  rule  adopted  by  Doctor  Mackay  in  hia  tceat\aft.  ^tiVs.^'ijN^jAfc- 
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the  <:i.T(Monce  between  this  and  the  angle  of  ioclinatioa  DSB,  will  be  the  central  ati' 
git  h>V. 

To  the  log.  co-sinc  of  the  central  angle,  add  the  log.  of  the  sum  of  the  corrected 
eemi-diameters  at  the  be<;iiining  of  the  eclipse  SF,  rejecting  10  in  the  index,  the  sum 
will  be  the  logarithm  of  SD,  the  apparent  difference  of  longitude  of  the  sun  and  moon 
at  that  time.  Tiiis  is  to  be  subtracted  from  the  longitude  of  the  sun  at  the  beginning 
of  the  eclipse,  if  the  ci^ntral  angle  is  less  than  90^,  but  added  if  greater  than  90**, 
the  sum  or  difference  will  be  the  moon^s  apparent  longitude  :  to  this  must  he  added 
the  nioon*8  parallax  in  longitude,  when  her  distance  from  the  Nonagesimal  (found  as 
in  Problem  V.  by  subtracting  the  longitude  of  the  Nonagesimal  from}  the  moon^s 
longitude,  borrowing  360°  when  necessary,)  is  greater  than  180°»  otherwise  the  pa- 
rallax must  be  tubtracted  ;  the  sum  or  difference  will  be  the  moon^s  true  Um^tude  at 
the  l>cginning  of  the  eclipse. 

Take  the  difference  in  seconds,  between  the  sun's  and  moon's  tnie  longitodM  at 
the  beginning  of  the  eclipse,  to  the  logarithm  of  which,  add  the  arith.  coiBp.ng.  of 
the  moon's  horary  motion  from  the  sun*  in  seconds,  and  the  constant  logaritboi 
3.55630 :  the  sum,  rejecting  10  in  the  index,  will  be  the  logarithm  of  the  tinM  from 
the  conjunction  in  seconds,  which  is  to  be  added  to  the  observed  apparent  time  of  t^ 
beginning  of  the  eclipse,  when  the  sun^s  longitude  at  that  time  is  greater  than  the 
moon's  trite  longitude,  otherwise  subtracted  ;  the  sum  or  difference  will  be  the  appa- 
rent time  of  the  true  ecliptic  conjunction  of  the  sun  and  moon  at  the  place  of  obser- 
vation. The' difference  between  this  and  the  time  of  conjunction  at  Greenwich,  in- 
ferred from  the  Nautical  Almanac  by  Problem  III.  will  be  the  longitude  of  the  place 
of  observation.  But  if  corresponding  observations  have  been  made  at  different 
'  places,  it  will  be  much  more  accurate  to  find  the  times  of  the  conjunction  at  each 
place  by  the  above  rule,  and  the  difference  of  those  times  will  be  the  difference  of 
metjdians,  if  it  does  not  differ  much  from  the  supposed  difference  of  longitude.  If 
there  is  considerable  difference,  the  operation  must  be  repeated,  making  use  of  the 
longitude  found  by  this  operation  ;  and  thus  by  successive  operations,  the  true  longi- 
tude may  be  obtained. 

The  lung,  of  the  place  of  observation  being  accurately  known,  the  errors  of  the 
lunar  tables  in  long,  and  latitude  may  be  easily  found.  For  the  difference  between 
the  moon's  Iritt  longitude  deduced  by  the  above  method  from  the  observations,  and 
the  longitude  found  from  the  Nautical  Almanac  will  be  the  error  of  the  tables  in 
longitude.  To  find  the  error  in  latitude,  add  the  log.  sine  of  the  central  angle  DSF 
to  the  log.  of  the  sum  of  the  corrected  semi-diameters  at  the  beginning  of  the  eclipse 
SF,  the  sura  rejecting  10  in  the  index  will  be  the  logarithm  of  the  moon's  apparent 
latitude  FD  at  that  time,  which  will  be  south,  if  the  point  F  falls  below  D,  other- 
wise north.  Take  the  difference  between  this  and  tiie  moon^s  apparent  latitude 
found  by  Problem  V.  if  they  are  both  north,  or  both  south  ;  but  their  sam,  if  one 
be  north  and  the  other  south,  and  the  error  of  the  tables  in  latitude  will  l>e  oh- 
tainedt. 

REMARK. 

The  above  rule  will  answer  for  deducing  the  longitude  from  the  observed  beginning 
and  end  of  the  internal  contacts  of  a  total  or  annular  eclipse.  The  differences  con* 
sist  in  reading  the  rule,  beginning  and  end  of  the  internal  contacts,  instead  of  be- 
ginning and  end  of  the  eclipse,  and  taking  SF,  SL  equal  to  the  differences  of  the 
corresponding  semi-diameters  instead  of  their  suras. 

EXAMPLE. 

In  Salem,  in  the  latitude  of  42^  33/  30'/  N.  longitude  by  estimation  4h.  43^32"  \V. 
'   from  Greenwich,  the  beginning  of  the  total  eclipse  of  June,  1806,  was  observed  at 
15d.  22h.  6'  18'M,  and  the  end  at  the  16d.  Oh.  50'  34'' .6,  apparent  time,  by  astrono- 
mical computation.     Required  the  longitude  of  the  place  of  observation  ^ 
Most  of  the  following  elements  are  calculated  in  Problems  I.  II.  IV.  V. 

*  When  the  homry  motion  varies,  it  must  be  taken  to  correspond  to  the  middle  time  between  the 
bSEinniDg  of  the  eclipse,  and  the  conjunction  or  new  moon. 

T  When  the  eclipse  or  occuUatlon  is  nearly  central  or  (in  other  wonlx)  when  FD,  EL  are  very 
small  in  comparison  of  SF,  the  latitude  thus  found  cannot  bA  depended  on,  as  a  small  error  in  the 
times  of  ob.«ervation  t»ouM  produce  a  considerable  error  in  the  Intitude.  Indeed  the  ca?e  may  oc- 
cur when  FD,  EL  are  less  than  30",  that  it  may  be  uncertain  wli^thSr  the  p«  ints  F,  L,  fall  above  or 
below  the  line  DE,  because  the  error  of  the  lunar  tables  in  latitude  mity  aometimcs  be  equal  to  30". 
1b  this  case  the  correct  latitude  of  the  moon  may  be  found  (1)  By  observations  made  at  another  place 
where  the  eclipse  or  occultation  wai  not  ao  central.  (8)  By  the  number  of  digits  eclipsed,  if  it  was 
a  solar  eclipse.  (3)  By  the  difference  of  declinations  of  the  moon  and  star  observed  befbre  and  after 
eke  f uuDersfon  orenersioD.  (4)  By  the  meridian  altitude  af  the  moon  observed  the  same  day. 
wAaaee  it  msy  be  fouii4  whether  the  moon  ivss  aotlU  or  south  of  her  place  given  by  the  tables. 
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ELEMENTS  OF  THE  ECLIPSE. 


Apparent  times  of  ob»eriration 

Estimated  longitude  W.  from  Greenwich        .       .       .       . 
Supposed  time  at  Greenwich  

g*s  right  ascension 
kt  or  place  43033'  30"— Redue.  Tab.  XXX  VUL  ir  26" 
Obliquity  oT  the  ecliptic 

£'s  long,  by  N.  A  —Err.  Tab.  58".6=True  long.  ])  Prob.  1. 
)ngitude  «  the  Nonagesimal,  by  Prob.  IV. 
P*strue  long.— Long.  lSronage»=9*8  dist.  from  Nonages 
This  distance  or  supp.  if  greater  than  18(P  is  arch  D. 
Altitude  of  Nonagesimal  Prob.  IV.  .       .      ■.       . 

])*fl  horisontal  pandlax,  by  Prob.  I 

—O's  hor.  par.  8".8— Correction,  Table  XXXVllI.  6".6 

Reduced  parallax  

]>'8  S.  Diam.  by  N.  A  —Inflexion  2"  ... 

Add  correction  Table  XLIV 

^'3  corrected  somiKliaraeter      ..*.... 
0*8  semi-diameter  by  N.  A.  15' 46'M— Irradiation  3".5 
JBtim  of  the  corrected  semi-diameters  .        .       .       . 

*8  horary  motion  in  longitude  by  Problem  IL  Ex. 
^'s  horary  motion  

*s  horary  motion  from  the  sun* 

*s  parallax  in  longitude?  .... 

'8  apparent  longitude— Error  Tab.  58''.5,  by  Prob.  6. 
>)*8  longitude  by  Problem  I. 
DiFF.  JR'8  arp.  lo«oitut)F8=])  app.  mot 
Dirr.  0'!>  Lo:«GiTUDK8=:0  app.  mot. 
DirrirMK.tcE  or  motion:!  of  0  1) 

8  true  lat.  by  N.  A.  Prob.  I.— Error  Tab.  n".4 

8  app.  lat.  cor.  for  error  Tab.  I  V'A  by  Prob.  V. 

8  LAT.  AT  E!fD>-LAT.  AT  BFOIIINIMO 


II. 


Dli 

I 


BEGINNING. 


d. 
15 

16 


END. 


SF= 


h.  '  " 
23  6  18.1 
4  43  33 
2  49  50.1 
536  50  0] 
4323  4 
23  27  48 

83  49  3.5 
63  22  31 
20  26  33 
28  26  33 
67  58  50 

6024.1 
—  144 

CO  97 

16  25.7 

15.2 

16  40  9 

15  42.6 

33  23.5 
36  39.2 

2  23.1 

34  16  I 
19  46.8 

84  8  50.3 
84  41  3.4 


—  24  27.4 
155.8 


d.  h.  '   " 

16  0  50  34.6 

4  43  32 

16  5  34  6  6 

5  37  18  5 

0  '   " 

85  ?9  32  6 

95  26  36 

350  2  57 

D    9  7  3 

70  57  46 

60  27.0 

—  14.4 

60  12.6 

16  26.4 

164 

16  43.8 

15  42.6 

SL=   32  25'4 

36  42  8 

2  231 

34  16  7 

10  0.0 

85  19  32  6 

84  47  35.5 

1  10  42  3 

6  32.1 

FA    64  10.3 

—  15  10.4 

EI^=4.  4  32.5 
AL=>f  6  28.3 

.  As  (he  apparent  latitude  at  the  beginning  of  the  eclipse  is  north  and  at  the  end  south,  the  point  P 
corresponding  to  this  example  falls  above  DE,  the  point  L  below  it.  The  rest  of  the  calculation  is 
as  follows. 


FA  64'  10".3=3850".2k>g.  13.58548 
AL   6  28.3  =  388.3   log.  3  58917 


3.98548  ■©•s  longitude 
8D 


Inclination  84O  14'    tan.  10  99631  Co-sec. iaOQ220 
Apparent  motion  FL 


3869.  7     tog.    3  58768 
Its  arith.  comp. 


Sr  +  SL  =  64'  48".9 
Diff.  SF,  SL 

Diir.  segments 

Its  half 

Half  of  FL 

Sum  is  i^reat  segment 

Diff.  is  lener  seg.  F  B 

iF  32*  23"  5= 

Angle  FSB  . 

Inclination 

Diir.  cent  ang.  DSF 
SF 


3888  9 
1  9 

1  91 

0  95 
1934  R5 
1915  8 
193^9 
1943  5 

84OI9' 
84     14 


6  41233 
log.    358989 


ft*sapp.  long, 
^'spar.  ~ 


long. 


84O4I'   3".4 

—  33  23  .5 

84      8  39  .9  by  Obs. 

—  19  46  .8 


])*s  true  long. 
08  ■ 


long. 


83  48  53  .1 

84  41    3  .4  const.  3.55630 


Diff. 


lor     0  27fi7S"'"-        3130".3  =    53  in   3    log.    349553 

log.    v^nyi9-  j^  ^^  ^^^  f^^  ^,  j^.  j_  ^^^,  J  ^^    g  g^.^ 

log.    OS^WWTimefr.conj.     Ih.  Sl'IB".  1=5478".  1  log."773863 
App.  ti.  obs.  15  22    6  18  1 


tog.  13  38644 
tog.    3  28858 


Stoe  9.99786 


6  co-sin.  10.00000 
log.    3.38858 


Ap.  ti  conj.  15  33  37  36.3  at  Falem 
Conjunct.      16    4  19  at  Greenwich 


Diff.  Merid. 


4  41  33.8 


sine  7.16270 
3.28858 


8D=32'  23".5       =  1943  5        log.    3.288ft8iApp.  lat.  FD==2".8        tog.  0  45128 

In  finding  (he  time  of  conjunction  or  new  moon,  at  Greenwich,  4h.  19',  io  the  Nau- 
tical Almanac,  the  longitude  of  the  moon  was  supposed  to  be  given  correctly  by  the 
tables.  If  the  calculation  be  made  by  Problem  III.  after  allowing  for  the  error — 
6S'!,5y  the  result  will  be  4h.2a'  47",  whence  the  difference  of  Meridian8=4h.  43'  10".8, 
which  differs  so  little  from  the  assumed  longitude  4b.  43'  32'^,  that  it  will  not  be  ne- 
cessary to  repeat  the  operation.  If  the  eclipse  was  observed  at  Greenwich,  the  time 
of  conjunction  ought  to  be  determined  thereby,  in  a  similar  manner  to  the  above  cal- 
culations ;  or  by  those  of  Problem  VIII.  if  only  one  of  the  phases  is  observed  :  by 
this  means  tiie  errors  of  the  tables  will  be  wholly  avoided.     If  the  eclipse  was  not 

•  This  horary  motion  increases  from  34'  I6".1  to  34'  19".7  or  3".6,  during  the  eclipse  2h  44'  16  ".5. 
which  is  I ".32  per  hour  Now  the  ecliptic  conjunction*  or  time  of  new  moon  at  Greehwich  by  the 
N.  A.  was  4h  19*  or  rather  4h  30*  41",  corresponding  to  23h.  37'  15"  at  Salem,  which  is  1h.  30'  5r' 
after  the  beftinning  nf  the  eclipse :  and  the  increase  of  the  horary  motion  in  half  that  time  is  T', 
V  bich  added  to  34'  16".!,  gives  the  horary  motton  34'  17".l,  corresponding  to  the  middle  time  be- 
tween the  bcginnifig  of  the  eclipse  and  conjunction.  This  is  used  in  calculat.uxv^^^^^^^'^^'^sB^^  ^"^ 
conjunction. 


570  TO    FI.ND  THE   LONGITUDE    BT   AN   CCCCLTATIOfT. 

observed  at  GrccnVioh,  the  observations  at  any  other  place  whose  longitude  iskno'vn 
might  be  made  use  of,  and  thustlie  differuDce  of  meridians  accurately  obtained. 

'i'he  lujoii^s  true  longitude  deduced  from  the  above  observation,  is  JiS^-'  48'  53".  1  : 
by  the  N.  A.  it  is  tt3*  50'  2  ".0,  tlie  difference  —  6ii|  ".9  would  be  the  error  of  the  tables 
by  this  observation,  if  the  a&sumcd  longitude  4h.  43'  32"  and  the  solar  tubles  woio 
correct.  By  repeating  the  (ipcration  with  the  assumed  l()n(<ittido  ^'h.  43^  10''.8  the 
error  68". 9  would  be  reduced  tu  nearly  the  cbtimaled  valuo  5u  ".5. 

The  eclipse  was  so  nearly  central  ut  Salcmj  that  a  vniiation  of  a  minute  in  the 
moon's  latitude,  would  hardly  alter  the  times,  or  duration  of  the  ccli|)se  ;  so  that  th« 
latitude  could  not  be  determined  by  the  above  observations  tu  any  considerable  t\e' 
gree  of  accuracy.  From  this  cause  it  happens  that  the  app.  latitude  at  the  beginiiing 
of  the  eclipse  is  by  the  above  calculation  2".8  instead  of  1'  JS'^.S,  as  found  by  allow- 
ing the  error  11^'. 4,  deduced  from  other  observations  made  where  the  eclipse  was  not 
so  nearly  central,  and  bv  the  limits  of  the  shadow  of  total  darkness. 

PROBLEM  Vli. 
Given  the  latitude  of  the  place  and  the  apparent  times  of  the  beginning  a7)d  end  <ff  mi 
uccultatiun  of  a  fixed  star  bj/  the  moony  to  find  the  longitude  of  the  place  of  obserru" 
lion. 

In  the  following  rule  reference  will  be  made  to  iig.  13,  Plate  XII.  in  which  DSE  re- 
presents a  parallel  to  the  ecliptic  passing  through  the  place  of  the  star  S;  SK,  v>l4 
the  corrected  semi-diameters  of  the  moon  at  the  beginning  aud  end  of  the  occult  a -i 
tioD  ;  DF,  EL  the  diU'crenccs  between  the  apparent  latitudes  of  tlm  moon  and  the 
star,  when  of  the  same  name,  or  their  sums  when  of  different  names  ;  either  of  the£>« 
lines  falling  below  DE  if  the  nioou'ii  apparent  latitude  is  more  southerly  than  that 
of  thtt  star,  otherwise  above. 

RULE. 
To  the  apparent  times  of  the  beginning  and  end  of  the  occultation  add  the  estima- 
ted longitude  of  the  place  in  time  if  it  is  toestf  but  subtract  if  cast ;  the  sum  or  dit- 
ference  will  be  the  supposed  time  at  Greenwich  ;  corresponding  to  which,  in  the  Nau- 
tical Almanac,  iind  by  Problem  I.  the  moon^s  scmi-dlamctcr,  horizontal  pa rallax, 
longitude  anrl  latitude,*  and  the  sun^s  right  ascension  ;  also  Iho  inoon^s  horary  mo- 
tion by  Problem  11.  and  the  true  lougiiude  and  latitude  of  thj  fixed  star,  by  Tablo 
XXXV'll.  corrected  for  Jiberration  and  eiiuation  of  equinoxes  by  Tables  XL.  \H. 
Find  also  in  tlie  N.  A.  the  obliquity  of  the  crliptic.  'J'o  the  moon^s  semi-diuineter, 
add  the  correction  in  Table  XLIV.t  an.l  from  the  sum  subtract  the  inflection  2",  the 
romaiuder  will  be  her  corncted  senii-diamcter.  >Vith  these  elements  and  the  appa- 
rent times  at  the  place  of  observation,  calculate  the  aitit.<dfj  :in:l  longitudes  of  the 
IVona<;«*.simal,  by  Problem  IV.  and  the  parallaxes  in  longitude  and  latitude,  and  the 
juoon'^s  apparent  longitudes  and  latitudes  by  Problem  V. 

Tako  the  difference  between  the  appareiit  longitudes  of  the  moon  at  the  beginning 
and  end  of  the  occultation,  which  will  be  the  moon^s  cppurvnt  motion  in  longitude, 
the  logarithm  of  which,  in  seconds,  being  added  to  the-  log.  co-j.inc  of  thf  meanX  of 
tlie  apparent  latitudes  of  the  moon  at  the  beginning  and  end  o£  tnu  occultation,  re* 
jecting  lU  in  the  indexi  will  be  the  logarithm  of  the  motion  of  ihi^  moon  on  tlio  pa- 
rallel FA.  The  relative  motion  in  latitude  AL,  is  found  by  tr.kii:;;  the  difference  of 
the  moon^s  apparent  latitudes  at  the  beginning  aud  end  oi  .iiv  eclipse  if  tiiey  arc  both 
north  or  ^oth  south  ;  but  their  sum  if  one  be  noith  and  the  other  south.  Fxoni  the 
logarithm  of  FA,  increasing  the  inde.\  by  10,  subtract  tlic  logarithm  of  Al^,  the  re- 
niainder  will  be  the  lorr.  tangent  of  the  angle  of  inclination  DSB,  liiis  angle  is  to  be 
taken  grcatar  than  90^  when  the  difference  of  the  mounts  and  btr.r^s  apparent  lati- 
tudes at  the  beginning  of  the  occultation  FD  is  greater  than  at  tho  end  EL,  ctlier- 
wise  less.^^  Then  to  the  log.  co-secant  of  the  angle  of  inclination,  add  the  logarithm 
of  the  relative  motion  FA,  tlie  sum  rejecting  10  in  the  index  will  be  the  logaiiihin  of 
the  apparent  motion  of  the  moon  in  her  orbit  F  L. 

Then  in  the  triangle  SFL,  the  sides  SF,  FL  f representing  the  corrected  semi-dia- 
meters of  the  moon  at  the  immersion  and  emersion,)  and  the  relative  motion  FLare 
give!i  to  find  the  angle  FSB  (by  Case  VI.  Oblique  'Trig.)  'J'hus  :  to  the  log.  ar.  co. 
of  FL,  add  the  log.  of  the  sum  of  SF  and  SL,  and  the  log.  of  their  difference,  the 

*  Cnrrcctet]  for  the  errors  of  the  tabled  in  loDi^ItudL-  auc]  latitude,  whien  kouitu. 

t  This  correct  idii  must  he  fouad  after  the  altitude  uriil  h;u:,iti.'i!u  of  the  nona.xer-imni  sire  c^l.-uIatetL 

I  The  cieaii  latitii<:e  }»  half  the  .sum  of  the  two  iiliciKle^^.  il'  \\\ty  are  of  liio  same  iMni",  but  their 
half  iliflV'rericc,  if  of  tlii'crciil  namci     lo  solar  eclip'H'i,  the  cnrr-.-ction  for  r.no  i.?fuM  l.\t;'udu  of  th« 
iijuuu  JA  nt-^l«.'.'t(>.!  iH  Ion  sniiU  tt)  l>e  i&l.en  ooCcc  of,  the  diytai.Ci:  KA  beiii;^  iu:;o;i  e.jual  to  the  'iilfer 
Liucof  loii::iU:<:-  D"  (ft?.  IS,  V.  13.) 

\  This  ruie  i-;  <  '.,'Mliy  true  \s  heihcr  the  poiiita  V.  H,  full  on  the  saire  or  or  ili.fi.'rriit  si.Ii  ^  of  thr 
liue  nV'..  \V"  V)V,  Kt  nre  t'lual,  nniJ  Ih-  points  K,  L  ii\\  on  ll.o  »aij-e  ^nW  oi  isE.  l'..t-  -^i.-.'e  i)>R  ikill 
he  '3»1P.  U  l\icy  a\<i »:.\\\tt.\,"A'.\\'v'.iC\iiy  vKiinls  t'ulJ  on  di./c. eiit  siJi'  oi\\\c  lint- D'l, t:ie  aii.Ic  IJi"''.  luay 
i-e  laWeu  *cuve  or  o jIU-S.    ^tv  V.v'xcXut.i  >.  u«'v\  Vck^i  v^vavU  If',  I.  fall  on  diaVicyl  ti  :03  of  l)i'.,  i je  ansls 
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EXAMPLE. 

Suppose  in  •  place  in  the  latitude  of  200  ff  N.  longitude  Ih  .9in.  Os.  east  of  Greenwich  bj 
the  occultatioo  of  Spica  by  the  Moon  on  Dec.  12,  1808,  was  observed  the  hnmenioii  at  i6b.  ST  79' 
emersion  at  18b.  10'  29".  apparent  time  bjr  astronomical  computation.  Required  tbe  longitude  of  the 
place  of  observation  ? 

Most  of  the  elements  in  tbe  following  Table  are  calculated  by  Problems  I.  II.  and  VI. 


ELEMENTS  OF  THE  OCCULTATION. 


i 


Apparent  timet  of  ob!«ervation 

Estimated  longitude  E.  from  Greenwich         .       .       .       . 

Supposed  time  at  Greenwich  

0*8  right  ascension 

Lat  of  place  200  O'—Reduc.  Tab.  XXXVIIL  7'  22^ 

Obliquity  of  the  ecliptic 

ft'a  long,  by  N.  A  — Prob.  1 

Longitude  of  tbe  NonagesimsJ,  by  Prob.  IV. 

■ft's  long  — Ix»ng.  Nona«?c*=  D's  dist.  from  Nooaget 

This  distance  or  its  ^npp.  to  ;i60O  is  arch  D.   • 

Altitude  of  Nonaf.e^imal  Prob.  IV 

]>'s  horizontal  parallax 

—Ileduction  Table  XXXVlll 

Reduced  parallax  

]>*8  S.  Diam.  by  N.  A— Inflexion S"'             .       .        .       . 
Add  correction  Table  X  LI  V. 

's  corrected  ncmi-dismeter  .*.... 

*ii  horary  motion  iti  longitude  in  Problem  II.  Ex.  1*. 

*s  parallax  in  longitude 

*s  apparent  longitude 

>ifrercncf  of  D'.s  app.  longitude 

~  •«  true  lat.  by  N.  A.  Prob.  I fc'outh 

*8  parallax  in  latitude 

*8  apparent  latitude  South 

'«  tr.  lat  =  lal.  T.  XXXVII.  lOa'  i3".9.  S.— T.  XLI.  0".6 

iiTerence  ^  ik.  -tpp.  lat 

DifTerenco  of  pSapp.  latit.udeM 

ic\  tr.  long.=Long.  Tab.  XXX  VU.  201©  10^29"  3+Tab.  ? 

XL.  Il".5— Tab.  XLI.  lO'.l  > 


IM.MERSION.  r    EMERSIOX. 


d. 
12 


12 


SF 


h.    '   " 
16  57  29 
I    9   0 
15  48  29 
1720  590 
1905738" 

23  27  37 
200   7  56.3 
U9  IS  55 
5062    1 
50  52    1 
81  17  33 
59  58.3 
1-4 
59  50.9 
16  16.9 
10  4 
16  27.31 
35  517 
49  35 
200  M  21.3 


d.  h.    ' 
l»  18  10 
I    9 

ia  17   1 

17  31 

O     ' 

aoo5i 

165  » 

35  23 

D      35  83 

74  35 

59 

59 
16 


29 

O 
S9 
IS.5 


15511.0 

10  23.6 

3    5  34.6 

3   2  13.3 

FD=      3S1.S 

201  10  30.7 


SL 


CL=: 
AL= 


16 
35 
33 

801  85 

31 

51 

17 

9 

2 

6 

3 


3S.1 
«8 
38 
:£8 
18 
54.4 
1.4 

5a  0 

17  5 

ia.3 

308 
548 
54 
30.1 

8.8 
29  I 
384 

75 
13.3 
543 
329 


Tbe  diflferencc  of  the  apparent  UtitudeH  of  the  Moon  and  Star  at  the  bcgimine  of  the  occultatioo 
3'  21".3  being  le«s  than  at  ttio  end  6'  5t"  2  the  angle  of  inrlination  is  lew  than  90O.  In  thu  example 
the  moou*s  latitude  is  more  southerly  than  the  Mar's,  hence  the  points  F,  L,  fall  below  the  line  D£. 
Diflf.  app.  long.      ]>      ur    8"  8=1B68".8     log.  3-27  56 

]>*s  mean  app.  lat.        8    7  21  cot.  9.99970 


>'sdlir.lat. 

distant 

Al 

82 
nFL 

• 

4 

FL 

FB 
8F 

FSF 

igle 
bt 

D* 

ms 

>eFA 

[.=3  32.9=312  .9 

©SO* 

1879  .6 

a  58.1  =  1978  .1 
3  .5 

3.7 

1  .8 
939  -8 

log. 
log. 

taa 

•              • 

log. 
log. 

log. 

log. 
log. 

»ioe 

eo-tlne 

log. 

sec. 

log. 

byobt. 

conit. 
log. 
log.  CO-J 

log. 

place  o( 
Uoo  at  G 

13.27116 
2.32818 

• 
• 

• 

FD  19< 
* 

n;s  ap. 

P's  ap. 

Error  n 

p'ttr. 

S'str. 

Error ' 

1 

327186 

Inclination 

10.94308 

CO-kectDt                to  08880 

Apparent  rootio 
its  arith.  comp. 
HF  -f-  8L        = 
Difr.  SF.  SL 

6.72594 
3  29635 
0  54407 

3  8740^ 

i>iir.  tegroeuts 

0.56626 

Its  half 
Half 

2*97220 
3.99445 

038  .0 
937  .3 

\         710  49' 
83    30 

9  97775 

lacIioaUotl 

9  99091 

899445 

10  00037 

Diff.  is  cent  ao 
Starts  1 

11     41 
SF 
20  3'   13" 

967  ".5=  16    7  5 
201  10  30  7 

«»«»                     9  3W41 
399445 

DlflT.  app.  Ions. 
^  longitude 

3  98563 

3.55630 

357431 

If  6.6668C 

1  .9=       3^  19^.9  Ion.  3.30088 
lat       8    2  13  .3 

P's  app.  long. 
p*B  par.  long. 

300  54  23  3 
—  46  25 

lat.     8    5  33  .2  by  obs. 
lat.     2    5  34  .6  by  N.  A . 

J>'8  true  long. 
Difl*.  true  long. 
])*shor.  mot. 

200    7  58.3 
3752  5=  1    2  32.5 
2153.5         35  53  5 

6273          1  44  33 

16  57  29 

Pab.        —    1  .4  io  lat. 
Ion.  200    7  58  .8  by  obe. 
Ion.  200    t  56  .3  by  N.  A. 

Time 

3  79748 

Fab.  +         1  .9  in  long. 

ImmortioD 

^  observa- 
reenwicb. 

Conjunction 
Conjunction 

18  43    2   at 
17  33    0 

Difl*.  of  meridii 

\    0    2 

*  The  moon's  horary  mol ion  vnnen  from  :\V  bYM  \o'i!b'  !»«,".^v\\\T\\\t. v\\^cv«tc\x\\'aNN^x\,>a^xvti*.-*>AV* 
niil«!lR  time  17h.  49'  45"  betvren  ibe  imroe^  "^  *«■  ^"  wA  v\\«  c.cs\vvw\t\.\Q!^  \^Vv.  \"X  ve^»v\wvx\ 

f.r.iiitl'P  Xautiral  •  '^>*^rkr\'Xm 

i  tr  'oii^at  in  tlie  IlK 


•*a\"<«Aa\\^  iMVAxvi  \»S  *.^'»X<.v\>\."«:\:i*«t>.-, 


rO  FIKD  TH£  longitude  by  An  ECLIF8R  OF  THE  lUN'.  £73 

iTbe  difference  of  meiidians  deduced  from  the  observation  Ih.  9'  2"  differs  but  2' 
from  the  assumed  quantity  Ih.  9'  0^'.  If  the  difference  Itad  been  considerable,  it 
would  have  been  necessary  to  repeat  the  operation  with  the  difference  of  nieridinns 
thus  calculated,  and  so  on  till  the  assumed  and  calculated  longitudes  agree.  The 
errors  of  the  tables  above  found  were  deduced  upon  the  supposition  that  the  obser- 
vations were  actually  made  at  the  place  mentioned  in  this  example,  and  that  the 
true  longitude  of  the  place  of  observation  was  lii.  9'  U".  For  it  must  bo  observed, 
that  the  errors  of  the  tables  in  longitude  cannot  be  found  by  an  observation  of  an 
eclipse  or  occultation  without  knowing  by  otiier  observations  the  precise  longitude  of 
the  place  of  observation.  This  is  evident  by  observing,  that  by  repeating  the  opera- 
tion till  the  assumed  and  calculated  longitude  uf  the  place  of  observation  agree  with 
each  other,  the  long,  of  the  moon  deduced  from  the  calculation  will  agree  also  with 
the  longitude  by  the  tables.  The  time  of  conjunction  at  Greenwich  17h.  33' 0"  taken 
from  thu  Nautical  Almanac  is  liable  to  a  small  error  from  the  incorrectness  of  the 
tables.  To  obviate  this  error  it  will  be  necessary  to  deduce  (by  the  above  method 
or  by  Problem  IX.  when  only  the  beginning  or  end  is  observed)  the  time  of  conjunc- 
tion from  observations  actually  made  at  two  places^  the  difference  of  these  times  will 
be  the  difference  of  meridians  free  from  the  errors  uf  the  tables. 

PnOBLEM  VIII. 

To  find  the  longitude  of  a  place  by  an  eclipse  of  the  sun  tchen  the  beginning  or  end 
only  is  observed,  the  apparent  time  beuui;  estimated  from  noon  to  jioon,  according  to 
the  method  of  astronomers  ;  the  latitude  of  the  place  being  also  known* 

RULE. 

To  the  apparent  time  apply  the  estimated  loni^itudc  of  tlie  plare  in  time,  by  addinii^  if  wett,  sub- 
'racticig  ifeax/.  the  Kum  or  diirerencu  will  be  the  suppo^eJ  lime  at  Greenwich.  Correvpondiog  to 
r>ii<>  time  io  the  Xautiual  Almanac,  And  by  Problem  I.  the  moon's  semi -diameter,  horizontal  paral- 
Ihx.  loncitude,  aiMl  latitude;*  and  the  yun's  semi-diameter,  loni^itude,  and  right  asceasion ;  also  the 
rr.oon'si  horary  motion  from  the  !»un  by  Problem  11.  IJecn^ase  tiie  Kun's  semi-diameter  3^"  tor  irradl- 
Atiun.  Decrease  the  moon's  semi*diameter2l"  for  iujlrxion^  and  to  the  icmainder  add  tlie  correction 
in  Table  XLlV.f  the  sum  will  be  the  moon's  corrected  semi-diameter.  Find  also,  in  the  Mautical 
Almanac,  the  obliquity  of  the  ecliptic. 

With  these  elements  and  the  apparent  time  at  the  place  of  ob^ervatioD  calculate  the  altitude  and 
hingitude  of  the  noriage*<imal  by  Problem  IV.  and  the  parallaxes  in  longitude  and  latitude  and  the 
mnon'H  apparent  latitude  by  Proolem  V. 

To  the  sum  of  the  corrected  semi-diameters  of  the  sun  and  moon  add  and  tubiraet  the  moon's  ap- 
parent latitude,  and  find  the  lognritbms  of  the  sum  and  difference  in  iierondR.  Half  the  sum  of  thena 
two  logarithms  will  be  the  logarithmt  of  an  arch  in  seconds,  to  be  added  to  the  ran*s  longitude  if  the 
l[)hasc  is  After  the  apparent  conjunction,  but  subtracted  if  before;}  the  sum  or  difference  will  be  the 
ttppartnt  longitude  of  the  moon.  To  this  add  the  moon's  parallax  in  longitude  when  the  moon's  dis- 
tance from  the  nona<;esimal  (found  as  in  Problem  V'l.  by  subtracting  the  longitude  of  the  nonage»i- 
mal  from  the  moon*:«  longitude,  borrowing  aGU^  when  neoe^»ary}  ii^  greater  than  iSQO,  otherwise  sub- 
tracted, the  sum  orditfcrence  will  be  the  true  longitude  of  the  moon. 

Take  th«*  differenre  in  aecoiids  between  the  true  longitudes  of  the  sun  and  moon,  and  to  its  logarithm 
adil  the  arithmetical  complement  log.  uf  the  niOiMiN  horary  motion  from  the  sun  in  iiecomls  and  the 
constant  logarithm  'S-5MM,  the  sum,  rejecting  lO  in  the  index,  will  be  the  logarithmt  of  the  correc- 
tion of  the  given  time  expreised  in  seconds.  Tbi:i  is  to  be  added  to  the  apparent  time  of  observation 
when  (he  moon's  true  Inngitudrr !.«  less  than  the  sun's,  otherwise  subtracted ;  the  sum  or  diflerence 
will  be  the  time  of  the  true  conjunction  at  the  place  of  observation.  The  dilference  bitween  this 
acid  the  time  of  roiOunction  infern.d  from  the  Nautical  .Almanac  ftir  the  meridian  of  (inciwich  by 
i'roblem  111.  will  be  thu  Ion;;ituu«;of  the  place  of  observation  in  time,  suppoMng  t!ie  lu:::>r  ^:id  solar 
\A\)\bn  to  be  correct ;  but  it  is  miu-li  more  arcuraie  to  compare  actual  observations  made  at  Jifferent 
;dHce>>,  by  deducing  the  times  of  the  ecliptic  conjunction  from  each  observation,  the  ditTertucc  of 
Miese  times  will  be  the  difference  of  longitude. 

EXAMPLE. 

In  Sulem  in  the  latitude  of  4S0  33'  30"  N.  longitude  by  estimation  ih.  43'  33"  W.  from  Oreenwich, 
the  begii)nin,(;  of  the  tutal  erlip^e  of  June,  ISUti,  wa4  observed  at  I5<i.  22h.  G'  lU'M  apparent  time  by 
1-itroiiomical  computation.     }U'i|uired  the  longitude  of  the  pliice  from  this  ubservatio'.i  { 

The  flements  must  be  calculated  us  in  tht-  example  of  Problem  VI.  for  the  licginniiig  of  the 
cclip-e.  except  tiiose  marked  in  iulics.  Thu  rest  of  the  calculatioa  may  be  made  by  proportional 
logdvithms  a^  follows : 


»  The  longitude  and  latitude  must  be  corrected  for  the  errors  of  the  tables,  when  known  by  a  pre* 
vious  operation,  or  by  other  uhservationj. 

t  This  correction  must  be  found  after  the  altitude  and  longitude  of  the  nonagc-imal  are  calculated. 

t  The»e  calculations  may  be  made  in  the  fame  manner  by  using  proportional  logarithms,  the  only 
difference  coofiists  in  using  the  coostaot  logarithm  6.4771  instead  of  3Ji&630  io  finding  the  time  of 
conjunction. 

;  In  general,  the  beginning  of  an  eclipse  or  occultaMnn  precedes  tba  apparent  conjunction,  and 
'■     -  ...  .  ^jjcre  the 


ill  rii*b.  \  1.  or  Vll.  with  the  times  of  beginnin;;  and  end,  calculated  by  Pniblem  XIII.  and  as  the 
« .'niiiil  aiiRle  i.*  «.'rcai»rnr  le<>than  Wfi,  the  phase  will  follow  or  precede  the  appJueutcotyuDCtiou. 
'I'liti  liijti'.''. .  ;;i\ciiby  Ihe  !ubk'i  boi;i;»  suj-puiCc  torrect. 


B  >T  Air  OCCDLTATIOT 


ACo.  F.L.  3Jm» 


App.  mij.  Grceu.  IB    «  111      by  K.  A. 

Did.  Merid.  4    ti  » 

ttut  uilwcnPibrlinicotcoiiliirRliMiiitr.mB-tichiobeili.ai'tf''.  utileulitcd  in  the 
FmklFni  Vi-lliedllftf«iicsariKrliliv»i>ouMbcih.  13*  IE",  isneini;  iKClr  witb  Iht  uiii 
jlliHh>.  IK  iL-il  ltiitllxitliaiiicn»r(tn»r«t  Ihegpenlion.  TtiF  ridiiViiI  Ihe  •Ddof 
>SI|>le,  rripreliadhcerronnl'lhKluinrtal.ln,  ami  thrcompiriDeef  actual  otHenitiooiii 
ftxtiti  nre  equaUr  ipplkiblo  to  tbfl  ]inKn(  Problvm- 

PROBLEM  IX. 

To, find  Ih-  ten/silmlf  of  apiore  bv  an  am^iiHan  of  a  ^/Ucdtlar  bj/lhemoa 
the  immri-iion  or^mmiim  on!;/  it  obimed,  llie  appanni  lime  being  ttlimal 
liBAR  !•!  nnan,  atamUng  10  Iht  ntthed  »/  lutninamcri,  and  the  laiiltuU  9f  U 
htiag  tnoica, 

RULE. 

To  llic  appsram  time  appl;  ihe  vuimnlad  longilnde  of  the  place  turned  id 
by  odiling  il'  imf,  (ublrnctine  ittmil,  thv  lumn:  diflareiicc  vlll  he  the  tuppni 
•I  GiHnicjrh.  At  l!iia  time  Gnd  i<i  tbr  .Nautical  Almitnnc  Ihe  tan'i  riihl  aw 
the  it>oaii'«  naini-diaiTirtrr,  linriiimia)  [>>[al'>x,  Inugilude  and  Ulilude*  bj  I 
I.  and  the  moon'*  horaif  moiian  b;  Piablrm  It.  also  the  latitude  and  Inag 
Ihe  fixed  tiar  by  Tablr  XXXVII.  and  Rairect  it  for  abeiraiion  anrl  equation 
no»c  hT  Table's  XL.  XU.  ttecrease  the  moon's  Mmi-riiameter  i'  lor  inflexi 
M  the  remilndri  add  the  nu|:mrntai'ina  fioin  Table  XUV.t  the  mm  will  be  i 
rnkd  lemi-dtaineMi.  Find  alw,  in  the  Kaulical  Almanac,  ihc  abliquiij 
•cliprir-  With  tbeieelemtnti  anil  the  apfiartn:  tima  of  obfcrTalion  colcui 
altitude  and  loctltiidc  nt  Ihe  NoaageiiiiDal  by  P[t>b1eni  IV.  aiw  the  paiall 
loniiludc  and  latitude  aiid  the  mann'i  appanni  laliiuJe  br  Problem  V. 

Take  the  difference  beta-eFQ  Ihe  latitude  of  thenar  and  the  ipp.  ia:.  of  th< 
wliich  XiM  ICt  and  nibtraci  frem  the  miwn'i  cnrtected  lemi-diameier  (there 
tie*  bciu);  exprewed  iu  feivnijf)  half  ibe  fumoI'lbcSogaiiibnsof  ihcfci;t:inli 
oi'ascj  ^  tbe  k).  Kcantef  iheflarV  latilude,  tejeclliu  tOtn  Ihe  iadexiwir 
Iiijraiiihnil  of  an  arch  in  tccotvfj  lo  be  adJed  lo  the  >i4c  f  longitjJe  If  th'  mi 
It-ijteit  t'.ic  apparent  cotijuactinn,  bu:  sublcacltil  i{bt/t^,\  ibec^in  ?r  :!i.!icc«i 
beil>ce;-,iar>n(loniile2e  oi  th^  n>n>n.  To  ihUadiltienoca'i  rdia:>ax  is'lo 
when  the  noon**  diillnoe  fnim  tee  nniiace«tBtal  (Oiuiri  a*  in  Piclr^ei:!  VII. 
tiactin;  tlie  Jott^tiade  pf  Ihe  eenacrirRial  froa  fta  nova**  Ion{i:ii-ie.  bcrccvii 
irhen  <iivct>aiT>  »  (crater  (Luc  ISO-,  olhecniie  wbtract  it.  the  tun  tx  dit 
will  be  :iie.'r'::Tei>fituJeof  :^  in.vn.    Tike  t.Ht  di:!ere:i--e  In  Hcoadihetv 

of  the  ic.vr.'i  heriiT  ir^i.mini  i.te  cdiiui-:  Ij^irli^n  J^;5C39.  ihe  4iun.  i< 
to  in  ibe  i.'-'ix.  wi'l  ^  i>e:^$acidnfttcf  a  cotnclleaia  nc^sdito  it  Bsplin< 
tieen  Hkk  ti  Attzi i:i!a  tit  caSitf  viua  tb;  noon'*  tm  htnfjiude  ii  kn  t1 
flat*«Mheriiitr  KJl'aeH'-f,ii»  tvo  ai  fiStr*fn  will  be  the  ti>»e  of  the  tr 
ianciien  .it  t^  ;'ice  ff  oooitiIUjb.  Tn  JtSiracct  bemen  tbii  an<!  ibe 
ivriuuvnioa  InfctreJ  f:.<n  t:w  rtauti.-li  Alxa::*:  bv  FcnV^m  III.  ibt  the  m 
pf  tlteeoiaichanilbr  ite  lon^iRie  cf  tbt  plice  of  ec-ieiTstiep.  ifiinc  utries  3 
Kct:  but  it  il  Kia,-,'i  i.v^  a.-;v:aT«  Ij  eor-r-^re  tie  liije*  of  eoui-jneiioB  d 


to  CALCirtATfi  All  SCLIPSE  or  THE  KOOIT* 
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Irom  actual  observations  at  the  different  places  in  the  raanaer  mentioned  at  the  end 
of  the  rule  given  in  Problem  VII. 

EXAMPLE. 

Suppose  in  a  place  in  the  latitude  of  20^'  0'  N.  longitude  by  estimation  Ih.  9'  0" 
rast  from  Greenwich,  the  emersion  of  the  star  Spica  was  observed  on  December  12, 
1808,  at  18h.  10'  29'S  apparent  time  by  astronomical  computation.  Required  the 
loui^itude  of  the  place  of  observation  ? 

The  elements  must  be  calculated  as  in  the  example  of  Problem  VII.  for  the  eincr- 
Bion  of  Spica.  The  rest  of  the  calculation,  made  by  common  logarithms  is  as  follows. 

Semi-diameter    16'  20r.B=l390".9 
iiS.  app.  lat.  ])  itc    C  bA  .'J    4U  .2 


i. 


Sum          1405  -a    log. 
Difference  576  .6    log. 

Sum 

15'    0".6 
SOI  10   30  -7 

3.14768 
2.7C087 

5.90855    Its  half 

3.95427 

3(C  lat  20  2*  13".  See. 
=                900".C           log. 

Constant   3.56630 
log.            3.05438 
CO-  log.       6-66661 

log.             3-27729 

• 

10.00027 

Areh 
b^  longitude 

3-05454 

%  app.  long. 
p  par.  long. 

201  25   31  .3 
33  54 

^  true  long.            800  51  37  .3 

Dlir.  true  long.  J^i^       18  53  .4  =  1 133-4 

P  horary  motion           35  54  .7  s  2154.7 

Time                    31   34      =  1894 
Time  or  oba.    18  10  2U 

Cont.  at  place  obs*     18  42    3      by  obs. 
GoDj.  at  Greenwich    17  33    0      hyN.A 

1    9     S 

The  difference  of  meridians  by  calculation  Ih.  9^3"  differs  but  3"  from  the  assumed 
iongitude,  so  that  it  will  not  be  necessary  to  repeat  the  operation.  All  the  remarks 
made  at  the  end  of  the  example  in  Problem  VII.  are  applicable  to  this  problem.  It 
may  also  be  further  observed,  that  the  emersion  or  immersion  which  happens  on  the 
dark  limb  of  the  moon  can  be  observed  with  much  more  accuracy  than  on  the  en- 
lightened limb ;  because  the  light  from  this  limb  prevents  the  observer  from  per- 
ceiving the  star's  immersion  or  emersion  so  instantaneously  as  on  the  dark  side  of 
the  moon. 

PROBLEM  X. 
To  ealeulatt  an  eclipse  of  ilie  moon. 

The  time  of  beginning  or  end  of  a  lunar  eclipse  at  any  place  may  be  found  by 
subtracting  or  adding  the  longitude  to  the  times  given  in  the  I^fautical  Almanac  for 
the  meridian  of  Greenwich,  according  as  the  longitude  is  west  or  east.  But  as  some 
readers  may  wish  to  know  the  method  of  deducing  these  times  from  the  longitudes, 
latitudes,  &c.  of  the  moon  and  sun,  given  by  the  Nautical  Almanac  or  by  other  ta- 
bles, it  was  thought  proper  to  insert  the  rule  for  these  calculations. 

An  eclipse  of  the  moon  can  only  happen  at  the  time  of  the  full  moon.  If  her  longi- 
tude at  that  time  is  not  distant  from  either  node*  of  the  moon's  orbit  more  than  about 
12^,  tliere  may  be  an  eclipse.  To  find  whether  there  will  be  one,  and  to  calculate 
the  times  and  phases  proceed  as  follows. 

RULE. 

Find  the  time  of  full  moon  at  Greenwich  by  the  Nautical  Almanac  or  Problem  III.  to 
which  add  the  longitude  of  the  place  turned  into  time  if  east,  but  subtract  if  vest,  the 
sum  or  diflSerence  will  be  the  time  of  the  ecliptic  opposition  at  the  proposed  place. 

For  the  time  at  Greenwich  find  by  Problem  I.  the  moon's  latitude,  horizontal  pa- 
rallax and  semi-diameter,  (which  requires  no  augmentation)  also  the  sun's  semi-di- 
ameter. Then  by  Problem  II.  the  horary  motion  of  the  moon  from  the  sun  in  longi- 
tude, and  the  moon's  horary  motion  in  latitude. 

Draw  the  line  ACB  (Plate  XII.  fig.  6)  and  perpendicularly  thereto  the  line  PCR. 
Select  a  scale  of  equal  parts  to  measure  the  lines  of  projection,  and  from  it  take  CG 
equal  to  the  moon's  latitude*  and  set  it  on  CR  from  C  to  G,  above  the  line  AB  if  the 
latitude  of  the  moon  is  nortky  below  if  snuth.t  Take  CO  equal  to  the  horary  mo- 
tion of  the  moon  from  the  sun  in  longitude  and  set  it  on  the  line  CB  to  the  right  of 

*  The  longitude  of  the  moon*s  ascending  node  is  given  In  the  third  rage  of  the  Nautkal  Almanac. 
The  longitude  of  the  other  node  ii  found  oy  adding  or  SUbtrarting  6  signs. 

\  The  northern  latitudes  found  by  Prob.  L  have  the  sign  — ,  the  loutbem  +.  In  the  figure  thr 
latitude  is  south.  If  it  bad  been  north  the  point  G  must  have  been  pUced  on  the  continuation  of  RC 
•bovf  C. 
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nud  afirr  (be  fiiJI,  hj  mi'ung  of  the  hoiary  ii 
■nu.iii,  or  I'rllplk  0|>piipiiiaii  at  tlie  pn^M^il  jil'ic 

Thi'  iii<iy  b<i>lonnbyinakin;lhF  cxif  iilOI'fi|ua] 

«  of  full  ntoiin 

nrd«  Ihc  rigbt 
[hole  hsur  prviNtiliiig  the  full  iDonn  it  to  be  aiarked.t   Thca 
r  In  Ihe  riglil  hnml  on  Ilia  line  lAiH  rcschei  to  ibe  houif 
iiid  w.t  10  Ihe  left  band  reachn  xucceBtively  to  Ihe  folloir- 
.  ^  I B  are  to  be  diviried  iulo  aiitjr  equal  parts  tepccienling  mi- 

DUlei,  If  Ihn  ^u  01'  Ihf  luale  will  adoiii  of  il. 

Add  30'  totbn  moou'abnriioulal  paTallnx):  and  from  Ihe  luin  aubtract  Ihn  lun's 
Mini-diameler,  llie  reinainrler  will  be  Ihe  Hiini -diameter  of  ihe  shadow  CB>  wiih 
wliidi  deacr-lw  thp  circle  ASB  abaul  the  rvntre  C  Add  the  innnn^i.  icntiilianiDler  in 
(herndiuiCB, '.nd  «iih  that  ra.liua  deMribe.  about  ilie  cetitie  C,  ilic  circle  DKM, 
which  il  thrirbi!  un  eclipse  will  ci.t  ISI.  in  the  pi>inU(  K,  H,  rcprfsentingrespeciirely 
the  pl.icui'  of  ihe  uioon  nl  the  bcKiiiiiiiis  and  inid  of  it.  If  Ihere  is  no  iiiterteclinii 
Ibani  n-ill  br  no  «cll|iie.  Dtaw  the  line  CKST  perpeniliculai  to  LX.colting  it  in  K 
and  met  litis  (he  rircleo  '^^^'  '^""  '"  ^<  ""■'  '^'  Wilh  ■r-idiuicigiialto  llie  moon's 
kemi-iliameii'r  dCTribu  ubiiut  lliu  ccnlrea  K,  H,  K,  ihe  amall  cirrleii  [ctpreieiili^ii  in 
Ibe  figure  t  of  whkh  Ihal  draw:i  round  Kcnuthe  liiw  CKS  In  the  poiult  1,  >',  und 
if  the  eclipw  »  tMal  the  wli.Mc  of  iliis  circle  will  fnll  niibin  ASD,  ai  in  fig.  e,  but  if 
part  of  the  circle  fall*  without  ASS  ai  in  fig.  T,  P,  .\II.  llie  oclipn  urill  be  partial. 
In  either  case  the  nuailwt  of  ili(ils  edipfed  may  lie  ohtaiurd  by  anyins  an  the  [liamc- 
tar  of  tlie  ninon  Fl  i«  to  the  ohicnied  pRTtf'S  to  are  13  illf^u  lu  Ilia  number  of  digiii 
aclipiwd.  Whan  the  erlipae  is  total,  the  bpg;lniiin;;  nnd  end  of  total  darkneiS  may  be 
found  by  lakin;  a  radliit  equal  in  LU  drciraii'd  by  Ihe  iiinon't  H-nii-diamelcr,  and 
•weeping  with  it  round  tlie  rertre  C,  a  circle  dthm,  culling  Ij\  in  Ihe  poiiili  e,  h, 
laptcMntilig  T»pectively  tha  points  of  liaginiling  and  end  of  total  darknofs.  Tlieu 
Ihe  linurs  and  mlniitei  marked  in  Ihe  line  N  I.,  at  the  poinia  E,  (,  K,  A,  H,  will  repie- 
Miit  reapFrlively  the  limi-t  of  the  bcginains  iif  the  i'clipH>,  beginniiis  of  total  daik- 
■len,  miil'lla  of  tha  eclip>F,  end  of  lotal  ilurkncsi,  und  onil  cif  the  eclipse.  In  tliit 
rule  BO  alloiranre  il  inede  for  ihe  ohlale  figiiia  of  the  eatlh,  ibc  correcliuu  from  tliis 
source  being  u;ucli  less  than  tin.'  crnirs  uf  ohiervatiou. 
KXAMPLK. 
HrquirpiH  tlie  timet  of  lieginning,  end,  K^c.  of  iha  rclip^e  uf  the  moun  of  May  9lb, 
'  lAWl,  at  11  pluce  In  tlie  loii|:iiuila  ol  3U-  W.  from  Uroeuwicb. 
By  the  Kaulicul  Almi  


TOtmtbV 


'   Jjinc.  ulvc  ainw. 


«r  full  inoon  at  C  r.nwich  wan  May 
9th,  at  IRh.  »»'.    IVnni  thiii  tubtrai  - 

iiig  ihe  lonsituilB  of  tin'  place  of  r  .^.  .. , 

■crvationSil'' W.or  ill.  thuramaiiidcr  «-\-V  1'ni1><  1•!^.■letreBiltJ    Ca 
iTh.  .19'  tm  the  time  of  I'utt  ninnn  ai 

the   pldce  of  Dbwri'miun.      Ci  rrei-  ._ ^„.,. 

|iiiiHlin(tathetiau:Bl Greenwich,  lOli.  I'lr- UifUiiihW  Fiob' II. 

'Jff,   Ibf  eteincnta  in  the  adioim-d  la-  '"r'  MM.  ie  loiii. 

hie  were  calculated  bv  Pn.b.  I.  and  ■»  "«■  *!^!^Z^T 

11.  and  the  value* CB, CD,  Cif, found  ISriUr+si/^S^.Vl). 

by  Ihe  above  rnlr.    U|ian  the  ci-ntie  i->!<  ». 

«  with  Ihe  radii  t;iJ,  CD,  Crf,  taken    CB-t*. S  t). _^_ 

finin  a  Knii'  of  e^]ii  il  pariF,  detcrihi: 

Iha  rirrlus  ASB,  AIKD,  mrd.     Uratv  the  line  ACB  repreientiii'  the  ecliplic,   and 

•  liK.mrr  nnnlilhf  |.olnt  P  >il1  fill  dI-ovb  t'  it  the  ainn  li  uri'mirliiiii  In  tiir  noRli  polPoT  lh« 

rHo(nWitiiiteM.i'il.iut'buruuli.lbVVnih.  II.  In^lealnt  vlllrll'>M«■:1tCII^'nlAT  br'takwiHiMl 
tolotfr.lBHiW.iirtka  ntfiaiirFun,  anJIlie  l:nPOPHiiul  l'>ri>ieBKii'i  li.y  »  nrifl":  bu^ 
tM(  mrtlMal  will  mil  iniser  In  oerulIMkHit,  bi « liVb  the  n^'*  (*>»'  •trin  efane  i  A^iirtt, 

-f  TMdliMHn<Uinai-il>ubiitnund  bjreooinHuiuitliaicLk'bi'ariB:;  ucn  nii|ii:ie>  aretn  iba 
■iHiiit«iiiilHvii'iJabitIietiiBBn('rullmniiii(>hic>i  la  il:a|iirwiile<[iini]d<^  i«ar}'iiii  OP  tofji. 
After  iMttletthe  bnu-ira  iiia  liop  I.GN  It  ii  uMial  lu  etvids  ilieai  tufcenirely  Iniu  h^rei  aaJ 
qmneitnr  itihoiir.  Ilicnl!iluilrf  mlnulnuuJniiemiBiite. 

t  i-v 1  ..: ..  .L.. .._...  —  1..  > "— •heoBTdi'jatmnpherefnwiSO'toMi".  ipmnl 


iBEtnlbeeMinalniDliriinFrFataiiraanmFn.   Mayer lupiinK* th.. 
■Hihailair,iaryiBtheoi»I"to«i'.    Tbo oifu </ Mayet'a  vonr.lj 
II  ciiriy  eijual  M  X"  unoitd  u  ilMrt. 


TO   CALCULATE  AN  KCLIPSIC  OF  THS  MOOST.  o77 

make  CG  perpendicular  thereto  equal  to  the  moon^s  latitude  10'  44".C  S.  the  point  G 
being  taken  below  C  because  that  latitude  is  south.  Make  CO  equal  to  the  horary 
motion  of  the  moon  from  the  sun  in  longitude  dS'lS'^O,  andCFperi)endicuIar  thereto 
equal  to  the  horary  motion  in  latitude — 3'  28".2,  the  point  P  being  placed  above  C, 
because  the  moon's  horary  motion  in  latitude  has  the  z\e,n  —  prefixed,  or  in  other 
words,  the  latitude  was  south  decreasing.  Join  OP,  and  parallel  thereto  draw  through 
G  the  line  NGL,  and  on  it  let  fall  the  perpendicular  CK.  Make  the  distance  OP  a 
transverse  distance  of  60,60  on  the  line  of  lines  of  tiie  sector,  and  measure  from  the 
name  lines  the  transverse  distance  39,39  (corresponding  to  the  minutes  in  the  time  of 
full  moon  at  the  place  of  observation)  this  distance,  set  on  the  line  G!N,  to  the  right 
of  G,  reaches  to  the  point  x,  where  the  hour  17h  preceding  the  full  moon  is  to  be 
marked.  Take  the  extent  OP  and  lay  it  from  ]7h.  to  the  right  hand  to  16h.  and  suc- 
cessively to  the  left  to  I8h.  19h.  &c.  Subdivide  these  lines  into  60  equal  parts,  re- 
presenting minutes,  if  the  scale  will  permit,  and  the  times  corresponding  to  the  points 
£,  c,  K,  h,  H,  will  represent  respectively  the  beginning  of  the  eclipse  loh.  56m.  the 
bcgiiming  of  total  darkness  I6h.  54m.  the  middle  of  the  eclipse  l7b.  41m.  the  end  of 
total  darkness  18h.  28m.  and  the  end  of  the  eclipse  19h.  26m.  which  times  agree 
nearly  with  those  in  the  Nautical  Almanac,  allowing  for  the  difference  of  meridians 
2  hours. 

Caladation  by  LogariUimt, 
The  phases  of  the  eclipse  may  aho  be  calculated  by  logarithms  in  a  very  simple 
manner.  Thus  suppose  it  was  required  to  find  the  time  of  the  beginning  of  the  eclipse 
in  the  above  example.  In  this  case  in  the  right-angled  triangle  OCP,  there  would  b« 
given  CO=2113''.0  and  CP=208".2,  to  find  OP?=2123''.2  and  the  angle  OPC=84° 
22'.  This  angle  is  equal  to  RGE,  because  GG,  OP  are  paiallcl,  and  its  supplement 
gives  the  angle  CGt:=950  38^  Then  in  the  triangle  CGE  there  are  given  the  angle 
CGE=950  38'  the  moon's  latitude  CG=644  ".8,  and  thp  line  CE  (=CD)  =3772  ".9  to 
find  CEG=9^  48',  GCE?=740  34'  and  GE=3654".5.  Then  say  as  OP  (2123".2)  is  to 
1  hour  (3600".)  so  is  G  E  (3654".5)  to  the  time  (6196"=)  Ih.  43'  16 "  between  the  begin- 
ing  of  theedipse  and  the  full  moon  at  the  place  of  observation  17h.  39',  and  us  the 
point  E  falls  to  the  right  hand  of  G,  that  time  must  be  subtracted  from  17h.  39'y  to 
obtain  the  time  of  the  beginning  of  the  eclipse  15h.  55'  44'',  which  agrees  nearly  with 
the  projection.  As  these  calculations  are  very  simple  it  will  be  unnecessary  to  take 
notice  of  the  diflferent  cases,  or  to  give  the  calculations  at  full  length,  the  whole  be- 
ing sufldciently  evident  from  the  figure.  The  middle  of  the  eclipse  is  found  by  ivteans 
of  thetriangle  GKC  similar  to  OCP,  in  which  the  angles  and  hypotenutie  CG  are  gi- 
ven to  find  CK,  KG.  The  time  of  describing  KG  being  added  to,  or  subtracted  from 
the  time  of  full  moon  at  the  place  of  observation*  according  as  the  point  K  falls  to 
the  left  or  right  of  G,  will  give  the  time  of  the  middle  of  the  eclipse.  The  distance 
CK  10'  4V'.7  subtracted  from  the  radius  CD  or  CT=62'  52".9  will  leave  a  remainder 
equal  to  the  eclipsed  part  FS  (=KT)  52'  ir'.2.  And  the  moon's  diameter  33'  2VA 
is  to  FS  52'  11".2  as  12  digits  to  the  digits  eclipsed  18|.  In  making  these  calculations 
•common  or  proportional  logarithms  may  be  made  use  of. 

PROBLEM  XI. 

To  project  an  eclipse  of  the  sun  for  any  given  place. 

An  eclipse  of  the  sun  can  happen  only  at  the  time  of  new  moon.    Tf  the  moon's 
longitude  at  that  time  is  not  distant  from  either  node  of  the  moon's*  orbit  more  than 
17(^  there  may  be  an  eclipse.    To  find  whether  there  will  be  one,  and  to  calculate 
-the  times  and  phases  proceed  by  the  following 

RULE. 

To  the  time  of  the  new  moon  given  in  the  Nautical  Almnnac  (or  calculated  by 
Problem  III.)  add  the  longitude  of  the  proposed  place,  turned  into  time,  if  cast,  but 
subtract  if  west,  the  sum  or  difference  will  be  the  time  of  conjunction  at  the  pro- 
posed place.  Corresponding  to  the  time  of  new  moon  at  Greenwich,  find  by  Pro- 
.blem  I.  the  moon's  latitude,  horizontal  parallax,  and  semi-diameter,  also  the  sun's 
longitude,  semi-diameter  and  declination.  Then  by  Problem  II.  find  the  horary  mo- 
tion of  the  moon  in  latitude  and  the  horary  motion  of  the  moon  from  the  sun  in 
lougit'ide. 

Draw  the  line  ACB  (Plate  XII.  fig.  10.)  representing  the  ecliptic  and  perpendicular- 
ly thereto,  the  line  PCR.  Take  a  scale  of  equal  parts  to  measure  the  lines  of  the 
projection  ;  measure  from  it  an  interval  equal  to  the  moon's  latitude  and  apply  it  on 
CRfrom  C  to  G,  above  the  line  ACB  if  the  moon's  latitude  is  north,  belovj  ifsouth.f 
Take  CO  equal  to  the  horary  motion  of  the  moon  from  the  sun  in  longitude  and  set 
it  on  the  line  CR  to  the  right  hand  of  C  to  O;  take  CP  equal  to  the  moon's  horary 

♦  See  note  trjth  this  nwrk  in  (lage  575.    All  the  eclipses  thit  can  hap^^ea  in  anTl  ^w\  c^^  v'ofc^»s^^a. 
are  indicated  in  the  Nautical  Almanac.  ...         -  v  «\.  ^rwcvv 

t  In  the  figure  the  latitude  is  RupposeA  i\ot\\\.   \l  W.Vv^'Wi^^xv^TSvwOcw  v5^>^VVw^^^^'^^>^^^^'*'^^ 
J>av«  beua  ta  mucU  l«\ov  C  w  U  is  now  'ol\)0\«\V. 


feo 
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fcLtlMENTS. 


-^Drsw  the  line  CZ'  meeting  the  sun^s  disc  in  the  points  a,  e,  the  point  6  being  tbf 
mn.-^i  r  i^t.-iii  from  the  centre  C.  Then  the  circle g  a  e  bRiiig  held  between  the  eye  bf 
the  r.!.-.->r:.  vcr  ai:.;  the  fuu,  the  engraved  or  marked  side  of  the  ngurc  towards  the  eye, 
aui  :;.'.  tiiiL-  <:  i^  i!i  a  vertical  direction  with  the  point  e  uppermost,  will  represent  the 
air.ie  ..  iiKt*  i.f  I'nc  f  uii  u^  vicwi'd  by  the  naked  eye  at  thai  time,  c  will  represent  the 
i.p;  .:  r  rt  •  f  t  ic  sen,  a  :'..f:  'r>•\•^  ,,;xi  ng  the  point  of  contact.  If  the  eclipse  be  ob- 
::-ii.  .  .:..  »w'iavGrting  leluscope,  tlic  contrary  will  be  observed  ;  that  is,  tbe  partu 
uiubt  be  uppermost,  e  tho  ]owi:»t,  andg  the  point  of  contact  will  appear  to  the  lef? 
band  of  ca.  in  a  sjrriilnr  mimncr  the  appearance  of  the  objects  may  be  obtained  at 
any  o'-i«i'  pnrt  of  the  echpse,  out  it  is  not  iiecRssary  i:xcept  at  tbe  beginniog  of  iti 
W!:t  .•:  :..!  fi.-  is  nothing  to  direct  the  eye  of  the  ob^rvcr. 

EXAMPLE. 

Kequiri'd  the  times  and  p^Iiafesof  the  toul  eclipse  of  the  suu  of  June  16,  1806,  mi 
^alem  in  the  latitu.Ie  of  4)^  33'  30"  N.  and  the  longitude  of  4h.  43m.  3Zs.  west  from 
Greenwich. 

By  the  Nautical  Almanac  the  time  r 
of  New  Mood  at  Greenwich  was  June 
16d.  4h.  19^,  corresponding  to  June  15, 
S3h.  35'  28'%  at  Salem.  At  the  time 
at  Greenwich,  4h.  19^  the  clement^ 
of  the  eclipse  were  as  in  the  adji^tn- 
ed  table  calculated  by  the  above 
rule. 

Draw  ACB  (Plato  XII.  fig.  10,)  and 

Krpendicular  thcrrlo  thn  line  CGR. 
akb  CO  e(]ual  to  the  moon's  lati* 
tudi  19'  37"  JV.  taken  from  a  scale 
Of  equal  parts,  the  point  Q  being  above 
C  hecau^e  the  latitude  is  north.  Make 
CO  equal  to  the  moon's  horary  mo- 
tion f-oni  the  sun  34'  18".  1,  to  thu 
fight  band  of  the  |)oint  C ;  and  CP 
equal  to  tlie  moon's  horary  motion  in  ^ 


Conjunction  nt  Qrecnwlcb,  Juoe  16| 

S«leai  W.  fromGrj^enwieh 

If^Iiptic  conjunc  at  Salenii  Jujw  15, 

Latitiule  of  Salem 
'«  HoriK(>Dtal  Parallax 

S)>  Hori74>ntal  Parallax 
*8  Reduced  Horizontal  Parullai 
i  Scmi-dinmeler 

_ri  Semi-diameter 

Suninf  b«mi-diameters 

niifercnce  of  Seml-diaroeten 
*a  Horary  motion  in  lioog.  Prob.  II. 

3)*a  Horary  motion  N.  A. 
'»  Horary  motion  from  0  CO 

*s  Horary  DKttlnn  in  latitude  CP 

*a  liatititile  by  Prob.  I.  CO 

^aLooeitude  TV 

1  DecTinatioB  VF  I 


b.  m. 

4  19 

4  43  39 
S3  3S18 
42  33  30 
60  2S7 

as 
80  le.e 

16M.I 
15  46.1 

33  14.3 
430 

36  41.3 
3  33.1 

34  18.1 
+    3335 
—  19  37    , 
84  4436 

33  2aN.    \ 


latitude  -(-  3'  22''.5,  the  point  P  being  below  C  because  this  horary  motion  has  the 
sign  -f-  prefixed.  Draw  NGL  parallel  to  OP.  Make  OP  a  transveri«  diktance  of 
60^  60;  on  the  line  of  lines  of  the  sector  and  measure  from  the  same  lines  the  trans- 
verse dittadce  354,  ^i  (corresponding  nearly  to  the  minutes  in  the  time  of  iiew 
moon)  this  disifiiice  sul  on  the  line  GN  to  the  right  of  G  reaches  to  the  point  x  whertf 
tbe  hour  preceding  the  new  moon  is  to  be  mocked,  viz.  23b.  Take  OP  in  tbe  com- 
passes and  mark  it  successively  ou  the  hue  NL  from  x  or  23h.  to  the  right  to  32h.  and 
to  the  left  to  24h.  or  Oh.  1h.  ^c.  These  are  subdivided  into  five  minutesi  the  scale 
tiot  admiiiiug  smaller  divisions.  Take  the  moop's  reduced  horisontal  parallax  60* 
IB'^.O  from  the  bcale  of  equal  patts^  and  with  that  radius  describe  about  the  centre 
C  the  circle  ARB.  Set  off  (by  means  of  the  sector)  the  arches  RT,  RU,  each  equal 
to  23<*  £8'.  Join  TQU  and  about  that  diameter  describe  the  circle  TYU.  Make  tbe 
arch  TV  equal  to  the  sun's  longitude  84^  44^  36'^  which  is  done  by  setting  the  radiud 
QT  as  a  *:hord  from  T  to  n»  a"d  ^^eu  the  arch  U.V=%49  44'  36"  by  means  of  the 
sector.  Draw  FV  parallel  to  CR  to  meet  TV  iu  the  point  F.  Join  CF  and  continue 
h  to  meet  the  circle  ARB  in  W.  Make  (by  tbe  sector)  the  arches  WD,  W</,  equal 
the  coRiplement  of  the  latitude  of  the  place  47^  26'i|  nearl}',  the  radius  being  CB. 
In  a  s'ir.:ilar  manner  make  the  arches  DF,  D.£«  ((/*,  de,  Scc.  each  equal  to  the  sun*8 
derlliidtion  23^22'.  Draw  the  lines  F//*,  Dgd,  £)ne,  cutting  CW  jn  l^  9,  n.  Bisect 
In  in  r.  Draw  the  line  Vl,  r,  XVIII  pnrallcl  to  Hqd  and  maker,  VI,  r,  XVIII,  eacli 
idquul  to^D.  Through  the  points  /,  VI,  n,  XVIII,  /,  draw  the  path  of  the  spectator 
AS  taught  in  the  above  rule,  and  mark  the  hour  of  noon  Oh.  at  the  point  n  because 
the  Bim^s  decliniition  is  north.  .Mark  the  following  hours  iu  succession  to  the  left  I, 
II,  111,  &c.  as  in  the  figure.  Take  an  extent  in  tlie  compasses  equal  to  the  sum  of 
ilie  semi-diamlsters  of  the  sun  and  mDop  Sil'  14''.2  and  beginning  towards  N,  find,  as 
^bove  directed  tbe  points /i'Z,  at  that  distance  apart  and  marked  with  the  same  time 
22h.  7'  nearly,  which  is  the  time  of  the  beginning  of  the  eclipse.  Proceed  in  the  sama 
way  for  the  ehd  of  the  eclipse  corresponding  to  the  points  p",Z^,  and  to  the  time  Oh. 
S^  which  is  the  time  of  the  end  of  the  ccii[lsc.  Take  the  difference  of  the  semi-di- 
ameters of  the  sun  and  moon  42"  in  tbe  compasses,  and  proceed  in  the  same  way  to 
hnd  tbe  beginning  and  end  of  total  darkness  23h.  27m.  and  23h.  31m.  The  points 
rorrespondinc  could  not  be  drawn  in  the  tigure  as  they  are  so  near  to  d  and  Z,  and 


Aii  extent  enual  to  the  mooft's  sen\\-d\?)L\T»v«t  w  4x  ,\  ^% b.  y^si\\x%^  o^^^wx^^  ^\^oi\x\^ 
»!!«  circle  Aost  drtameler  is  Mtn  tcvtes^x^^:vti-  vYx^  m^^v?^  «x^^,  ^tw^  >«\xV  \V<^  va.^\ 


5t2  TO  PROJECT  A2r  OCCVLTATIOV. 

before.    Whence  the  timei  of  be|inning  and  end  of  the  eclipie  may  be  foand  Sf  itt 
the  above  rule.    An  example  of  this  method  ii  not  given  as  it  woul(l  render  the 

s\:heine  too  confused. 

PROBLEM  XII. 
To  project  an  oecultalion  of  a  fixed  star  bjf  the  fnoon  at  any  given  plate. 
The  method  of  projecting  an  occultation  is  nearly  the  same  as  that  of  an  eclipse  ef 
the  suU)  but  to  save  the  trouble  of  reference  it  was  thought  expedient  to  give  the  rule 
without  abridgment. 

RULE. 
To  the  time  of  the  ecliptic  conjunction  of  the  moon  and  star^  given  in  the  first  page 
of  the  Nautical  Almanac  (or  calculated  by  Prob.  IIL)  add  the  longitude  of  the  pro* 
iiosed  place  turned  into  time,  if  east,  but  subtract  if  west,  the  snm  o(  difierence  will 
be  the  time  of  conjunction  at  the  proposed  place.  Corresponding  to  the  time  of  con- 
junction at  Greenwich,  find  by  Problem  L  the  moon^s  latitude,  horiEOntal  parallax 
and  semi-diameter,  also  the  sun^s  right  ascension.  Then  by  Problem  II.  find  thu 
horary  motion  of  the  moon  in  longitude  and  latitude,  and  by  Tables  VIII.  and  XXXV  If. 
the  star's  Right  Ascension,  Declination,  Longitude  and  LatitudeT. 

Draw  the  line  ACB  (Plate  XII.  Ag.  8.)  representing  a  parallel  of  the  ecliptic  pass* 
ing  through  the  star,  and  perpendicular  thereto  the  line  CPR.    Take  a  scale  of  equal 
parts  to  measure  the  lines  of  the  projection,  and  from  it  take  an  interval  equal  to  the 
difference  of  the  latitudes  of  the  moon  and  star,  and  apply  it  to  the  line  CR  from  G 
to  G  above,  the  line  AC'B  if  the  moon^s  latitude  is  north  of  the  starts,  otherwise  be- 
towX*.     Take  CO  equal  to  the  horary  motion  of  the  moon  in  longitude,  and  set  it  on 
the  line  CB  to  the  right  hand  of  C  to  O ;  tnke  CP  equal  to  the  moon's  horary  motion 
In  latitnrie  found  with  its  sign  by  Problem  II.  and  set  it  on  the  line  CR  from  C  to  Py 
above*  the  line  ACB,  if  its  sign  is  — ,  below  if -f"*     •'oin  OP  which  represents  the 
horary  motion  of  the  moon  on  her  orbit,  and  parallel  to  that  line  draw  the  orbit  of 
the  noooii  NGL;  on  which  are  to  be  marked  the  places  of  the  moon  before  and  after 
the  conjunction  by  means  of  the  horary  motion  OP,  so  that  the  moment  of  the  eclip^ 
tic  conjunction  at  the  proposed  place  may  fall  exactly  at  th«;  point  G,as  in  the  figure 
where  the  conjunction  is  at  18h.  4S'.     This  may  be  done  by  making  OP  equal  to  the 
.  transverse  distance  CO,  60  on  the  line  of  lines  of  the  sector,  then  measuring  from  the 
same  lines  the  transverse  distance  corrcspon(!ing  to  the  minutes  and  parts  of  a  mi- 
nute in  the  time  of  the  ecliptic  conjunction  at  the  place  of  observation,  and  setiins; 
it  on  the  line  (vN  from  G  towards  the  rielit  to  the  iioint  x,  the  place  of  the  moon  ai 
the  fir&t  whole  hourt  preceding  ihe  conjunction  (which  in  the  present  figure  is  18h.) 
THen  the  distance  OP  being  taken  in  the  compasses  and  set  from  x  to  the  right  hand 
gives  successively  the  preceding  hours,  and  the  same  distance  set  to  the  left  give? 
the  following  hours,  as  in  the  figure,   where  they  arc  marked  I7h,  18h.  19h.  20h. 
These  hours  arc  to  he  divided  into  60  equal  parts  repre^Miting  minutes,  the  scale 
being  taken  sufficiently  large  for  that  purpose^.     In  the  present  figure  the  subdivi- 
sions are  carried  only  to  five  minntds.     Take  the  moon's  horixontal  parallax  from 
the  scale  of  equal  parts  for  the  radius  CB ;  with  which  on  the  centre  C,  describe  the 
circle  BRA  cutting  CR  in  R.    Open  the  sector  till  the  transverse  distance  GO^,  GO^  on 
the  line  of  chords  is  equal  to  the  radius  CB,  and  measure  from  that  lino  the  trans- 
verse distance  93P  28^  (equal  to  the  obliquity  of  the  ecliptic)  which  set  on  the  riiclo 
ARB  on  each  side  of  R  to  T  and  U.    Join  TV  cutting  CR  in  Q.    On  Q  as  a  centre 
with  the  radius  QT  describe  a  circle  TYUV,  on  which  set  off  the  arch  TYV,  equal 
10  the  star's  longitude.     Through  V  draw  the  line  VP  parallel  to  CR.    Open  the 
sector  till  the  transverse  distance  90^  90^  on  the  sines  is  equal  to  the  radius  CB, 
then  take  in  the  compasses  from  the  same  lines  an  extent  equal  to  the  transverse 
distance  corresponding  to  the  complement  of  the  declination  of  the  star,  and  with 
one  foot  in  C  sweep  a  small  arch  to  cut  the  lino  VP'  in  P'  the  place  of  the  pole  of 
the  earth.^'t    Draw  CF,  and  continue  it  on  either  side  so  as  to  cut  the  circle  AKH 
in  the  point  W  situated  abore  AB,  if  the  latitude  of  the  pro()osed  place  is  rwrfh,  but 
below  if  south.    In  the  proposed  figure  the  latitude  is  north.     (If  it  had  been  south 
the  lower  part  of  the  circle  ARB  ought  to  have  been  made  use  of.)     Open  the  sector 

IT  Id  fltrictness  thc«e  quantitie;*  ought  to  bo  corrected  for  Aberration  nnrt  Nutation  by  TaMrs 
XXXIX.— XLIII.  but  the  correction  is  so  small  that  it  may  always  da  ncj^Icrted.  If  the  Wight  A"*- 
neii^ioD  HQil  Declioation  oDly  are  given  the  htitude  and  lon«:itu(ie  may  he  fouDd  by  Prohicin  XIX  : 
and  if  the  laMer  are  given,  the  former  may  he  ralrulated  hy  ProMem  XX. 

t*  In  the  figure  the  point  G  i«  placed  nbove  ACR,  becnuVe  tlie  moon  is  in  a  le^s  southern  latidi'^t^ 
than  the  star.  This  part  of  the  rule  may  al«o  hethuM  exprrMod.  Kind  the  moon's  latitude  wiih  \\s 
sign  as  in  Problem  11.  Prefix  the  8isn'4-  to  the  star's  latitude  if  north,  thi^  si^n  —  if  snuth.  Adr 
the  latitudes  noticing;  the  ^if  n.«  as  in  alscora.  and  the  dist:incc  C-G  will  t>e  oMuiued.  If  Us  sign  la  — 
the  point  G  is  to  be  placed  al>OTe  C,  but  belofr  C  if  the  sign  \\i  +• 

•  See  note  with  this  mark  inpa!:e676. 

t  See  note  i*ith  thii;  mark  in  pai^c  d?*). 

I  See  note  with  this  mark  in  nn^re.  5TA. 
f  The  distance  of  the  line  \VV  fn)nil\\p.ViMC"A,VXke%\\>i%N\ow^U^.i«-^>Q\v\.V  awCvW.^  v^v>\C.v\«. 

spectator  may  be  fouad  &i  iu  the  note  \  9«^ 


TO  PROJECT   AS  OCCVLTATIOV.  £83 

h.%  before  so  as  to  make  the  transverse  distance  of  60^,  60^,  on  the  chords^  equal  to 
CB;  and  take  the  chord  of  the  complement  of  the  latitude  of  the  place,  which  set 
from  W  on  each  side,  to  D  and  d.  With  the  same  opening  of  the  sector  measure 
the  chord  of  the  star's  declination,  which  set  on  the  circle  ARB  from  the  point  D  oa 
each  side  to  E  and  F,  and  from  d  on  each  side  to  e  andy.  Draw  the  dotted  lines 
F/*,  Ddj  Ee,  cutting  CVV  in  /,  9,  n.  Bisect  /  n  in  r,  and  erect  the  line  /  m  perpen- 
dicular to  CW,  and  make  r  t,  r  u  each  equal  to  7D.  Open  the  sector  to  make  the 
transverse  distance  90^,  90^,  on  the  sines  equal  to  r  /,  and  on  each  side  of  r  mark 
on  the  line  iru  the  sines  of  15^,  3(Pj  45^^,  60<^,  75^  (equal  to  Ih.  2h.  3h.  4h.  5h.  res- 
pectively) to  that  radius,  and  mark  the  points  with  those  degrees  as  in  the  figure  ; 
through  these  points  draw  the  dotted  lines  parallel  to  In  as  in  the  figure.  Open  the 
sector  so  that  the  radius  r  /  may  correspond  to  the  transverse  distance  90^,  90^  on  the 
sines,  and  measure  the  complemenis  of  the  former  degrees  as  transverse  distances 
on  the  sines,  viz.  75^,  60*,  45^  30^,  15^,  and  set  them  on  the  above  dotted  lines,  on 
each  side  of  the  points  15",  30*^,  &c.  respectively  above  and  below  the  line  t  ru. 
A  regular  curve  nt  I  un  drawn  through  the  extremities  of  these  dotted  lines  will  re- 
present the  path  of  the  spectator  iu  the  given  latitude.  Subtract  the  sun's  right  as- 
cension from  the  star's,  (increasing  the  latter  by  24  hours  when  necessary)  the  re- 
mainder will  be  the  hour  of  the  star's  passing  the  meridian,*  which  is  to  be  marked 
at  the  upper  point/  of  the  path  if  the  star's  declination  is  south,  but  at  the  lower 
point  n  if  the  declination  is  north.  The  other  hours  are  to  be  marked  from  this 
point  towards  the  left,  by  marking  successively,  at  the  points  where  the  dotted  lines 
meet  the  path,  the  hour  of  the  .star''s  passing  the  meridian  increased  by  lb.  2h.  3h. 
&c.  completely  round  the  curve,  observing  to  reject  24  hours  when  the  sum  exceeds 
S4h.  In  the  present  example  the  star's  declination  is  south,  consequently  the  upper 
point  I  of  the  path  is  taken  for  the  hour  of  passing  the  meridian  19h.  54'.  The  ex- 
tremities of  the  dotted  lines  to  the  left  being  marked  successively  20h.  54',  21h.  54', 
2:2h.  54',  2dh.  54',  Oh.  54',  &c.  The  path  touches  the  circle  ARB  in  two  points,  re- 
presenting the  points  of  rising  and  setting  of  the  star,  which  in  the  present  figure 
are  I4h.  9'  and  lb.  39'.  These  points  divide  the  path  into  two  parts  of  which  one 
represents  the  path  while  the  star  is  above  the  horizon,  the  other  when  below,  as  is 
evident  from  the  hours  marked  on  the  curve.  The  half  hours  or  any  other  interme- 
diate time  may  be  marked  ip  a  similar  manner.  Thus  for  the  time  4h.  24'  which  is 
.'{h.  30'  or  52^  SO'  from  the  time  7b.  54'  marked  at  the  point  n.  Set  the  sine  of  52^^ 
tu  the  radius  r  /  from  r  to  A  on  the  line  r/,  and  erect  the  perpendicular  hit  equal  to 
the  sine  of  37^i  (which  is  the  complement  of  52°J)  to  the  radius  m,  and  the  point 
t  will  represent  the  place  of  the  spectator  at  the  proposed  time.  In  this  way  the 
iialvcsand  quarters  of  hours  may  be  marked  on  those  parts  of  the  path  where  nc- 
ressary.  The  smaller  subdivisions  may  generally  be  obtained  to  a  sufficient  degree 
of  exactness  by  dividing  the  quarters  of  hours  into  equal  parts. 

Take  from  the  scale  of  equal  parts  an  extent  equal  to  the  semi-dinmcter  of  the 
moon,  and  beginning  at  the  line  NL  towards  N,  find  by  trials  the  point  p'  of  the 
moon's  path  and  the  point  Z'  of  the  path  of  the  spectator,  marked  with  tlie  same 
time  and  at  that  distance  apart.  That  time  will  be  the  beginning  of  the  occultation 
or  immersion  at  the  proposed  place.  Proceed  in  the  same  way  towards  the  point  L, 
and  find  the  points />,  Z,  at  the  same  distance  apart,  the  corresponding  time  will  be 
the  end  of  the  occultation  or  emersion.  About  the  points/?',  pt  as  centres  with  a  ra- 
dius equal  to  the  moon's  semi-diameter  describe  the  small  circles  meeting  the  paths 
of  the  spectator  in  the  points  Z\  Z,  These  circles  will  represent  the  moon's  disc  ; 
the  points  Z',  Z,  the  places  of  the  star,  and  the  lines  CZ',  CZ,  the  vertical  circles 
passing  through  the  star  at  the  times  of  immeri<ion  and  emersion  respectively.  To 
render  this  part  of  the  scheme  more  distinct  to  the  eye,  it  is  drawn  separately  in  Fig. 
9,  Plate  XII. ;  in  which  the  point  C,  p^,  Z',  are  similarly  situated  to  the  correspond- 
ing points  of  Fig.  8,  marked  with  the  same  letters.  Through p'  draw  the  line  a'  p 
r^  parallel  to  CZ',  to  meet  the  moon's  disc  in  a,  d.  Then  the  circle  a'  Z'  c  being 
held  between  the  eye  of  the  observer  and  the  sun,  the  engraved  or  marked  side  of 
the  figure  towards  the  eye,  and  the  line  CZ'  (or  a  p'  t')  in  a  vertical  position  with 
the  point  Z'  above  C,  will  represent  the  appearance  of  the  moon  and  star  as  viewed 
hy  the  naked 'eye,  c  will  represent  the  upper  part  of  the  moon,  a  the  lower  part,  and 
VJ  the  point  of  contact.  The  contrary  will  be  observed  if  the  object  be  viewed  by 
an  inverting  telescope.  It  will  generally  be  conducive  to  the  accuracy  of  an  observa- 
tion to  estimate  in  this  manner  the  point  of  emersion,  so  as  to  keep  that  point  of  the 
moon's  limb  in  the  field  of  view  of  the  telescope,  and  the  eye  directed  towards  that 

point  of  the  limb,  so  as  to  perceive  the  star  at  the  first  instant  of  its  appearance. 

The  situation  of  the  point  of  emersion  with  respect  to  the  horns  p,  9,  of  the  moon 
may  also  be  made  use  of  for  this  purpose.     The  line  f  p  6  connecting  the  nmon's 


*  Or  rather  the  horary  dis»wca  ot  Ihs  (5>  mwd  ip,  ^  V\ift\\\av.  <n\  W^  «'^X\^5\\^^^x?>,n\\s>:\w.^\>^«. 
moon  sn'.il  iiiv. 

N. 


j-0  lO  iAiAiLArL  riiL  DKCl^Kl^c  ua  end  o  av  ecj.U'SK. 

<l  tin:  ••rli}i:5p.  If  iirni  jicriiracy  is  rc(iuire<!  the  operaiion  may  be  r<»peate'i  witr 
•:..^  ipjiroximiifi*  timo,  <-ii  nMtiiii^  this  result  with  <>iie  of  the  fornwr  suppoaitioiis 
iiii  1  tliu->  the  opuraiion  may  hi'  repeated  till  the  apparent  (.listaiicr  uf  tho  centre^  at 
til  •  assiiiiieil  lime  is  huiii  1  to  be  exactly  f"|ua!  lo  the  fcuiii  uf  the  corrected  semi- 
fii.'i  meters. 

U'-mnrk.     This  ruV,  with  ^omc  inodif'cation,  will  ansuer  f'nr  calrulatiii;;  the  lime 
'11  an  occiiltation  oi    i  fiKeJ  Piar  <»r  planet  by   the  iiipuii.     In   this  case   the  Ptar*5 
liiiiciiiiie  \n  to  b'.'  fOiiiKi  in  Table  X\ Wll.  aiiil  corrci.tud  fnr  the  equation  Tables 
XI..  XLI.  for  the  pliiiu-  '-■  lo'ipiiiiile  is  to  be  taken  fmin  the  iSautical  Almanac)  the 
■'iitOtri'ni  r  belvv'eon  thi    .t.u.  ili:*  nioon^s  iipparcni  longitude  corresponding  to  liie  a&- 
MiMird  time  iiiiin^  I'oumi.  jt.-*  p. op.  I04.  ii.  ro  be  ad«!cri  to  the  lug.  secant  uf  the  moon's 
appaieut   i.llittld«^  ami  \\w  miiu  i?  to  tte  u>e(l  in  finding  liie  di^ta^ce  of  the  centres 
in^ie.i  I  III"  t'lc  ;'«op.  !<»;;.  of  the  dif:'.  loni;.  pf  tin.*  fun  i\\\A  moon,  with   the  in-i^x  in- 
riea*:«-l  by  10.  The  laiilude  <••  \\\e  -t.ir  i"  to  be  foiMul  by  T:.bl«-5  XXXX'II.  and  XLI.  or 
'he  p!anf-i^<  l.nit-.i  lebytli'.'  Naiitii-'l  .Mmanar,  ardaiMj-d  to  the  latitude  of  the  •nnoni 
»i"  t»f  I  ■nlVcMMit  iin.n.-;,  otii(iuj>''  i!m  ir  -"'•"*"•■  len re  if  to  be  taken  and  made  use  of,  in- 
•itead  of  the  moon\  latitude.  i:i  the  above  rule.     Lns»ly,  instead  of  tnc  ^UMJ  oi  the 
fei.i- li.-.iiic'Tri'?,  the  semi-diameter  of  ihi:  i!U»o;»  is  to  be  made  use  of.     Whcu  very 
'.'.re:'t   uc  iiiiv  is  r»;quire(i,  in  ralrulaiinj  an  orcuitdtitni  of  a  planer  by  »inj  moon, 
»ni-  ilitfifo.-i'  cf  the  pa»iil!.i\e-»  of  'lie  !iu;on  and  planet  decirt-aM-d  Ly  I'.o  roirectiun 
ol   i*aiallri\  Table  XXXV'III.  i-,  if«  »m'  made  u  e  ol  as  thr  rrduccfl  ]):»va'.lT.\,  jh  Ini-:- 
inft  fi"  para'.Iav.'j:  \\\  loij.',i'iid«-  an-l  latitude.     When  the  apparent  'iistan-ie  ol  tiic 
''•.•ii'rrs  of  till*  moon  ami  |  luiiet  i-f  iqu.'^l  lo  tlie  sum  of  tlie-r  «>enn-dj*inii:ei.-.  t.jci: 
limbn  will  jjivt  .'ij.pf.'ir  to  tomh  ert'li  dhrr,  and  v.hei:  that  oi$tani:e  is  equal    lo  \\ii 
tiifti-rence  of  the  >omi-'!i  :nu!er.>  thf  plaint  will  be  whollv  covered  by  'he  niooii. 

L.XAMPLK. 

Kequiu  I  the  time  of  th»'  :n't!innii:i;  of  liu"  ><dar  erlip*e  ol  June.  18l»G,  at  Salem, 
:'iippo>in^  tiiu  eirorb  o;  t!:e  moon's  longitude  and  latitude  in  the  JN'autica]  Alnian.ic 
to  b  •  iinkn«»vvn. 

To  abiid^e  thfl  pre««'nt  calnil.ition,  sisppo*':  the  be^innii't;  of  tin*  criipse  to  he 
.^iine  I'll.  Z'Z\\.  G  Isj.I  app.  titne,  tin-  rienjenis  e(^n■e^ponl^nli;  to  which  have  be»;:; 
:a!culate<l  in  Problem  VI. ;  nanu'ly,  ^  V  apparent  lon:;itndc  SU-  C  50''•.^  D  '»  appa- 
lejit  Iititnde,  1'  oj'.ft  -N.  these  b^iiii*  rorreite<l  for  the  errors  of  the  tub!e.«,  6S  .5  an?' 
11  .1,  ben-e  the  uncorrected  value^  an*  HI  f>'  4-J  .H,  and  'J  7".2  jV.  The  ijrflrrenc' 
b'MvMMMi   this   upp.   lon>;.  of  the   moon   and  thr*  snn\>>    lon:;ilnde  1)4-    AV    3 '.4,    i^ 

:|    14  .'•.. 

niiT.  b»r.«:.  .ll'  li  .r.  P    I..  10  700-1  r.  TfA'i 

J)  App.  !.»».  2     '  .!•  1".  K.  I.!C:.'.» 

Tin.       '-.I'MWi- Cojn-pondinc  ro-ilr.':     ■*  T^o 

App   IMs  (?  I>  WV    1.1    0       V  I..      .7.1.-1 

This  appa-'cnt  disiancr  ditlVrs  I'l  ..'»  from  the  .-um  of  the  '.rmi-diamet*  iv  32'  »J'..i 
(t  is  fbpreff)r«'  Heri'*isary  to  make  a  second  ^opposition,  as  for  exampic  ten  niinuti  r 
Imr.  or  ai2»h.  hi'  l!{".1,  with  ihi<  time  the  eb-ments  are  to  be  a&  tin  calculated  a> 
in  P..bbin  \  I.  nCKiely,  t)V  :ipp.  lonfi.  uncorrected  «4''  H'  7".l,  0*s  lone.  84^  41' 
.:  .i,  their  diflerence"  27'  10  .1,  >'s  app.  lai.   uncorrected  for  error  of  tables  1 

' '  liiir.  io'ic.        rr.ini         r.i .        in;L'i2  o.«i2 

J)  App.  Lat.  1.68.8  IM.  I  i^'H': 

Tanc:.  »■  fWj  Curresp.  r-o-^ine    9  ii.*."!?, 

Second  App.  Hi. t.    0  D    i7.li.7  PI..        j<>0«» 

Firat     App.  Di'-t.    0  D    :<1.    l'»   ') 

DilTcrenre         \      i    a  I*.  I..  At.  co.         C  361'% 

Diflf.  1st.  dist.  !v  i«ciiii-(]iatD.     1.      1    6  P.]..  l>22.iK 

ln»er\al  lU-     0.  P.  L.  1  25J3 

f.  orrfvtinn         2.    ai».  P.  |j.  1.S3Jt; 

Kirpt-^iippo-e.!  time  !.'•.!   2:h   «..  V.  \ 

ApfruxiieVvC  time    LS     12.    :i.  un.i 

It  t'.ir  apnroximaie  lime  had  diti'ered  very  much  frotn  the  assiiined  time.c,  i* 
wuabl  be  necessary  lo  repeat  the  operation  till  the  last  assumed  and  calculate! 
li.iies  a^rec. 

PROBLEM  XIV. 
Given  tkt  moon  t  true  longitude  to  find  the  apparent  time  at  Grecni..  ir-v . 

RULE. 
7.  Take  from  thft  KaulicaV  Mm^iEx^c  \Vi^  VKQ  Vonviudes  immediately  pre  ecu:  n^ 


^E 


I  • 


k 


ft. 


I. 


* 


\ 


I 

A 

■4 


I. 
■« 


588 


TD  FIND  TttC  L05GITiri»£  OF  A  PLACE. 


EXAMPLE. 

Suppose  that  on  (be  7th.  January.  1808,  sea  account,  at6h-  &7in.  V.  M.  in  the  Inogitodenr 
W.  by  account,  the  obaerred  distance  of  the  farthest  Hub  of  the  Moon  froio  tliektar  Aldebara 
390  7  4",  the  observed  ahitude  of  the  star  49^  18',  and  the  obverred  altitude  of  the  Moon'i  Inirei 
fia^tf".  Required  the  true  loositude,  without  using  the  distance:*  marked  in  the  Nautical  Aim 
upon  the  tuppoiition  that  tfae^-  were  not  given  in  it- 

Inthi*  cace  the  supposed  time  at  Greenwich  wm  Jan.  6d.  I4h.  37m-  ]>*6  horiz-  pir.  5l'  35" 
S.  D.  15' 5".  Apparent  distance  of  Centres  ]>  ^Mf>  5V  59",  whence  (by  the  rule  pape  163 
corrert  distance  is  38^47'  2G".  Tbe  Moon's  latitude  deduced  from  the  N.  Alminac  by  ProbI 
is  20 37' 36"  N.  Tbe  sUr*B  longitude  and  latitude  U  found  by  Tabled  XXX  VI  I.  XL.  XLI.  m 
uw  of  tbe  kwgKude  of  the  .\fooo*s  node  la.  28^  15',  and  the  8-jn's  longitude  90  15'  42",  a^  g\\ 
the  X.  A. 

Table  XXXVII.  *  Long.  Jan.  6, 180C,    670.6'  L'l'.s  *  1.atitude  50.2«'.49  "6  !?. 

Table  XLI.  9(e  Aberration  +  15.  7  Aberration        +    i'-i 

Table  XL.  £quat.  Equinox  -^  \b.  2    >tc  App.  Lat        5  2H.5I  b. 

?ic  Apparent  longitude 


Correct  Distance 
'P   Latitwle 
9fC  Latitude 


67.  6.53 

W  47.  2>) 
2.37.  36  y.  Fee.  0  00rU6 
5-28.51  S.   i?cc.  0.00i99 


Sum  46-63-53 


Half  sum  23.26. 56 
Uiff.  i  !>uffi  and  di»t.  15  20.  30 


Siht*  9  59981 
Sint*  9.42255 


1 9.0c.' IS  1 


A  IlifT.  of  Long. 
biir.  of  Lonr 
^s  Longitude 


I 


I^ongitude 

Long.  Jan.  6d-  12b. 


Difference 

ft  Longitude,  Jan.  6d.  Oh. 

6.  12 

7.  0 
7.     12 

Constant  log- 
A=50.5r.2C"=:«U46"  lOR.  CO. 
1.  19.    4  =  4TU"  log- 


K-  59-  21 
37  5c:.  42 
67.  6  52 

29.  8.  lU 
27  49.    6 


1.19.    4=4711' 
Ditr 

O  '     " 


SUt*  9.51240 
])  We.tof  :4c 


21. 

53. 

10 

27. 

49. 

6 

3J 

46. 

32 

39. 

46. 

6 

5  55  56 
A  5  57  26 


2Di(r 

+1O-30" 
+2-     8 


^  •'■'  •'^Jlean  B.+l.  49 


4  63543  4.615kk 

5  66865  i  66K65 
3.67614    Eq.  Tab.  XLV.+9"  4  Log.    0.97313 


Approx .  time  2h.  39'  16"=9550"  Log.  3  98027 
Correction        +  19 


Correction  -f-  19"   I.og.  1.2772». 


Time  T  2.  39.  35       Hence  time  at  Creenaich 

App.  time  at  ship 

Longitude 


I4!i.  .?9'  35 " 
6.    37.    0 

8.      2.  35=120O.3ir2  W 


PROBLE.M  XM. 

G'tren  Oie  inlerralt  of  time  bcitceen  the  passages  of  the  moon'^s  limb  and  ajixtd 
vttr  ttco  different  meridiant,  to  find  the  difftrence  of  longitude  of  the  two 
ridians. 

]n  making  these  observations  it  is  usual  to  note  the  times  of  transit  by  a  clod 
gulatcd  to  sidcrial  time,  being  the  most  convenient  for  calculation.  If  the  intei 
are  ^iven  in  wean  solar  time,  thry  may  be  reduced  to  sidcrial,  by  adding  a  prti 
tioaal  pan  of  the  daily  difTcrence  3' 56  ".6.  Thus  if  the  interval  wab  C  hours  n 
time,  the  correction  would  be  found  by  saying  as  34h. :  6h. :  :  y.Sd'.ii  :  59". 1,  w 
added  to6h.  gives  the  interval  in  sidcrial  tinieGh. U'  59".l.  In  the  follow in>;  in 
!.<:  suppost-d  liiai  the  iiitervals  are  t^iven  in  siderial  time.  The  cuiihtant  Uf^nr 
4.G3667  made  n^e  of  in  the  rule  is  the  logarithm  of  43318  seconds,  the  numbt^r  (i 
ctnids  sideiiul  time  in  half  a  mean  solar  day.  In  strictness  this  quantity  ought  1 
equal  to  the  Idgarithm  of  the  number  of  seconds  siderial  time  in  12  bouis  ajtpc 
liinr,  uhirh  may  differ  15  seconds  fiom  4331U''  nn  account  of  the  daily  variatic 
the  t(]U<iticn  of  time.  The  correction  arising  from  thi>  sourre  i»  viry  small  and 
in  :;i'n(Mal  be  ne^Uxted,  though  it  can  be  allowed  for  in  a  very  simple  manner, : 
\l\c  \ii-j;,aii*ihin  varies  nn  unit  in  the  fifth  decimal  place  for  1"  of  time.  Hence  the 
\  vtViOix  ut  \\\<i  \Ott;.vx\\lu\\  is  equal  to  half  the  daily  \  ariaiion  of  the  eiiualion  of  tn; 
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seconds,  given  in  the  Nautical  AlmanaC}  to  be  added  to  4.63667  when  the  equation 
of  time  is  marked  cuid  and  is  increasing,  or  tub.  and  decreasing;  otherwise  ni6- 
traded.  Thus  if  the  observation  was  made  July  4,  1808,  the  equation  of  time  is 
maiked  add,  and  is  increasing  daily  10".5.  half  of  which  or  5  is  the  correction  to  be 
added  to  4.63667  to  obtain  the  logarithm  4.63672,  to  be  made  use  of  July  4,  1808. 

RULE. 

Tf  the  moon  be  observed  at  both  places  on  the  same  side  of  the  star,  take  the  dif- 
ference of  the  observed  intervals,  otherwise  the  sum,  which  reduce  to  secondsof  si- 
derial  time,  and  find  the  corresponding  logarithm ;  to  which  add  the  aritb.  comp. 
log.  of  the  variation  of  the  moon^s  right  ascension*  in  12  hours  In  seconds,  and  the 
log.  4.63667  (corrected  for  the  variation  of  the  equation  of  time,  as  directed  above, 
\Vben  very  great  accuracy  is  necessary.)  The  sum,  rejecting  10  in  the  indexj  will 
be  the  log.  of  a  number  of  seconds,  from  which  subtract  the  above  difference  of  inter- 
vals, the  remainder  will  bo  the  longitude  in  time. 

The  western  place  of  observation  corresponds  to  the  greater  interval  if  the  star  is 
west  of  the  moon,  the  iesser  if  east.  If  the  moon  be  observed  on  opposite  sides  of  the 
star,  the  western  place  will  be  where  the  star  is  to  the  westward  of  the  moon. 

EXAMPLE. 

Suppose  that  on  the  4tii.  of  July,  1808,  the  interval  in  siderial  time  between  the 
transit  of  the  moon's  western  limb  and  Antares,  observed  at  Greenwich,  was  22'  6''; 
and  the  interval  at  a  second  place  was  20'  3" ;  the  increase  of  the  moon^s  right  as- 
cension in  12  hours  (corresponding  to  the  middle  time  of  the  moon^s  transit  by  the 
meridians  of  the  two  places  reduced  to  Greenwich  time,  9h.  26*)  being  by  Prob.  II. 
Ex.  111.30'  22".l  the  star  being  to  the  eastward  of  the  moon.  Required  the  longi- 
tude of  the  second  place  of  observation  ? 

Interra]  at  Greenwich  22'.  6"       Sid.  time. 
at  second  place  20.  3 

Diff.  of  intervals  2.   3  =  123"  log.  2.08991 

Var.    D  R.  A.  in  12h.  aC  22".l.  in  time=1822'M  log.  co.  6.73943 

Constant  log.  Corrected  as  above.  4-63672 

2925"  log.  3.4C606 

6ubtnlct  ilifT.  interval;!  123 

Remains  long,  in  time  2U02=46'  42"  W.  from  Greeowich. 

This  method  of  determining  the  longitude  admits  of  a  very  great  degree  oT  accu- 
racy on  account  of  the  frequent  opportunities  of  observation.  Other  methods  of 
finding  the  longitude  depending  on  the  same  principles  have  been  proposed.  One 
consists  in  observing  the  apparent  time  of  the  moon's  passing  the  meridian,  and  com- 
paring it  with  the  time  of  passing  observed  at  Greenwich,  or  deduced  from  the 
Nautical  Almanac,  and  taking  the  difference  of  these  times,  ^nd  saying,  as  the  daily 
difference  of  the  moon's  passing  the  meridian  (deduced  from  the  Nautical  Almanac 
for  the  time  of  observation)  is  to  360^,  so  is  the  above  difference  to  the  longitude  of 
the  place.  Another  method  consists  in  deducing  the  longitude  from  the  change  of 
declination  of  the  moon,  obtained  from  her  observed  altitude  when  on  the  meridian, 
and  the  known  latitude  of  the  place  of  observation,  by  a  method  somewhat  similar 
to  the  preceding;  but  neither  of  these  methods  is  susceptible  of  the  same  degree  of 
accuracy  as  that  in  the  above  Problem. 

It  is  not  absolutely  necessary  that  the  same  star  should  be  made  use  of  at  both 
places:  for  if  two  stars  be  observed,  whose  difference  of  right  ascension  is  accurate- 
ly known,  that  difference  will  be  ec^ual  to  the  interval  of  passing  of  the  two  stars  to 
the  meridian  in  siderial  time,  and  by  applying  this  to  one  rtt'  the  intervals,  the  ob- 
servations may  be  reduced  to  be  the  same  as  if  one  star  only  had  been  used. 

PROBLEM  XVII. 
Given  the  longitudes  of  the  sun  aiui  moony  and  the  moon's  latitude,  tojind  their  dis* 

lame. 

RULE. — Find  the  difference  of  the  two  longitudes,  and  to  its  log.  co-sinc  add  the 
log.  co-sine  of  the  moon's  latitude,  the  sum,  rejecting  10  in  the  index,  will  be  the 
log.  co-sine  of  the  sought  distance,  of  the  same  ajfeetioni  as  the  difference  of  longi- 
tude. 

EXAMPLE. 

July  16,  1808,  at  noc.n  at  Greenwich,  by  the  Nautical  Almanac,  the  sun's  longi- 
tude was  3s.  23<^  40'  24".  the  moon's  longitude  Is.  3°  14'  1",  and  her  latitude  1°  24' 
28"  N.     Required  their  distance? 

^  In  general  it  will  be  exact  enough  to  take  the  ditTerence  between  the  moon*s  R.  A.  marked  in 
the  Nautical  Almanac  for  tiie  nearest  noon  and  miilnisht,  but  when  very  great  accuracy  ia  required, 
it  may  be  found  as  in  Prolv  U.  Ex.  III.  for  the  middle  time  l»ctwecn  the  two  transits  of  the  mooo 
by  ihc  meridians  of  the  two  places;  reduced  to  CIreeuwicb  time  by  adding  the  longitude  if  west, 
subtracting  if  cast. 

t  Two  arches  or  angles  are  said  to  be  of  the  tame  affection  when  they  are  both  greater  4tr  both  lest 
tbao  9(r^,  but  of  diffennt  nff'ection  when  one  it  greater  and  th  e  other  test  than  Vfi. 
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fwm,  and  the  first  varies  but  little  from  that  made  use  of  by  Napier,  bo  that  it  is  ex* 
tremely  easy  to  remember  them.  The  case  not  included  in  these  rules  may  be  solved 
by  one  of  the  formulas  of  case  5,  or  6,  which  may  be  committed  to  memory  with 
little  trouble.  To  illustrate  these  rules  the  following  examples  are  given,  which  in- 
elude  all  the  cases. of  Oblique  Spheric  Tiigonometry. 

CASE  I,  PLATE  XH.  Fig.  3,  4,  5,  14. 
Given  AB,  AC,  and  the  opposite  angle  C\  to  Jind  BC  and  the  angles  Ay  B. 
In  the  right-angled  spheric  triangle  APC  are  given  AC  and  C,  and  by  markine  it 
as  in  fig.  2,  CP  may  be  found  by  the  rules  sine  mid»=tang.adj\  which  gives  sine  (co. 
C)=tang.  CPxiang.  (co.  AC,)  or  tang.  CP=co-s.  CXtang.  AC. J  Then  in  the 
triangles  ABP,  ACP  are  given  AB,  AC  and  CP  to  find  BP.  If  to  these  is  joined 
tlic  perpendicular  AP  it  will  be  found  that  in  the  triangle  ACP  the  complement  of 
AC  is  ihe  middle  part,  (as  in  Fig.  3),  and  CP  an  opposite  part.  The  triangle  ABP 
is  to  be  marked  in  a  similar  manner.  Then  [the  rule  sine  tnid.  (X  co-s.  opp,  gives 
tine  (co.  AC)  :  co-s.  CP  :  :  sine  (co.  AB)  :  co-s.   BP,  and  BC=B   P-f-CP.     By 

V. 

marking  the  segments  as  in  Fig.  4,  the  rule  sinemid.  OC  tang.  adj.  gives  sine  CP  : 
tang.  (co.  C.)  :  :  sine  BP  :  tang.  (co.  B.)     Having  found  BC,  the  angle  A  may    . 
be  found  by  the  rule  sine  side.  (X  sine  opp.  angle  which  gives  sine  AB  :  sine  C  :  : 
sine  BC  :  sine  A. 

Olhermse.  If  the  side  BC  is  not  required,  the  angles  A,  B,  may  be  found  in  the 
following  manner.  The  rule  sine  mid,=tang,  adj.  gives  by  marking  as  in  Fig.  1.  sine 
(co.  AC)=tang.  (co.  C)Xtang.  (co.  ('AP)  or  cot.  CAP.=co-s.  ACXtang.  C,  and 
by  marking  as  iu  Fig.  5,  tlie  rule  (sine  mid.  OC  tang.  adj.  or)  tang.  adj.  ex  sine  mid. 
gives  tang.  (co.  AC)  :  sine  (co.  CAP)  :  :  tang.  (co.  AB)  :  siu«  (co.  BAP,)  then 
A=BAP4-CAP.    By  marking  the  segments  as  in  Fig.  14,  tlie  rule  (sine  mid.  OC 

co-s.  opp.  or)  co-s.  opp.  OC  siji.  mid.  gives  co*s.  (co.  CAP)  :  sine  (co.  C)  :  :  co-s.  (co. 
BAP)  :  sine  (co.  B)  or  i^inc  CA^*  :  cu-s.  C  :  :  sine  BAP  :  co-s.  B.    Having  A,  C,  and 

AB,  BC  may  be  found  by  tiie  lulo  sine  side  CX  sitie  opp.  ang/e,  which  gives  sine 
C  :  sine  AB  :  :  sine  A  :  sine  BC. 

CASE  II.     Fig.  3,  4.     Plate  XII. 
Given  AC,  BC  and  the  included  angle  C,  to  Jind  A  By  and  the  angles  A,  B. 
The  rule  sine  mid.= tang.  adj.  gives  as  in  CubC  I.  tang.  CP=co-s.  Cxtang.  AC, 
then  BP=BC-{-CP  and  jUie  rule  cos.  opp.  cx  sine  mid.  gives  by  marking,  as  in  Fig. 

3.  co-s.  CP  :  sine  (co.  AC)  :  :  co-s.  BP  :  sine  (co.  AB,)  and  by  marking  as  in  Fig. 

4.  the  rule  sine  mid.  OC  tang.  adj.  gives  sine  CP  :  tang.  (co.  C)  :  :  fine  BP  :  tang, 
(co.  B.)  Having  fouud  AB  we  may  find  A,  by  the  rule  sine  side  CX  sijie  opp,  atiglty 
which  gives  sine  AB  :  sine  C  :  :  sine  BC  :  sine  A. 

If  the  angle  A  had  been  required  and  nut  B,  it  would  have  been  shorter  to  let  the 
perpendicular  full  upon  the  point  B,  by  which  means  the  required  angle  A  would  not 
be  divided  into  segments.  In  litis  case  the  side  AB  and  the  angle  A  might  be  found 
in  a  similar  manner  to  that  by  wliich  AB  and  B  arc  found  above. 

CASE  HI.     Fig.  3,  4,  5, 14.     Plate  XII. 
Given  the  angles  B,  C,  and  the  opposite  side  AC  to  Jind  BC,  AB,  and  the  angle  .7. 
The  rule  sine  midd.  cx  tang.  adj.  gives  as  in  Case  1.  tang.  CP=co-s.  C  Xtang. 

AC.  Then  the  rule  tang.  adj.  CX  si7iemid.  gives,  by  marking  as  in  Fig.  4.  tang.  (co. 
C.)  :  sine  CP  :  :  tang.  (co.  B)  :  sine  B  P,  then  BC=CP-{-BP.     Again,  the  lulc 

W 
co-s.  opp.  OC  si7ie  mid.  gives  by  marking  as  in  Fig.  3,  co-s.  C  P  :  sine  (co.  AC)  ;  : 
co-s.  B  P  :  sine  (co.  AB.)     Having  found  BC,  the  rule  si?ie  side  CX  sine  opp.  angle 
gives  sine  AC  :  sine  B  :  :  sine  BC  :  &iuc  A. 

Otherwise — The  rule  sine  mid.=tang.  adj.  gives  as  in  Case  I.  cot.  CAP=co-s. 
AC X tang.  C,  and  the  rule  sine  mid.  cx  co-s.  opp.  gives  by  marking  ns  in  Fig.  14, 
sine  (co.  C)  :  co-s.  (co.  CAP)  :  :  sine  (oo.  B)  :  co-s.  (co.BAP)  or  co-s.  C  :  sine  CAP. 
:  :  co-s.  B  :  sine  BAP,  and  A=CAP-f  BAP.     Then  the  rule  sine  mid.  <x  tang.  adj. 

gives  by  marking  as  in  Fig.  5.  sine  (co.  CAP)  :  tang.  (co.  AC)  :  :  sine  (co.  BAP) 
:  tang.  (co.  A  B.)  Having  found  A  the  rule,  sine  suie  OC  sine  opp.  angle  gives  sine 
B  :  sine  AC  :  :  sine  A  :  sine  BC. 

CASE  IV.     Fig.  5,  14.     Plate  XH. 
Given  the  angles  Ay  C  and  the  included  side  AC,  to  Jind. iB,  BC  and  the  angle  B. 
The   rule  sijie  mid.=iang.  adj.  ^^ivea  as  in  Case  I.  col.  CAP=co-s.    ACXian;;. 
(',  and  l>AP=:A-f-CAP.     The  rule  sine  mid.  CX  lung,  ady  vy.s^'s*  \vs  v\\'a.>>kl\N\N^vc..\\w 


t  In  putfi/»?»bworanv  siniiJar  exprpW»on\n  \o'r^r.V.V.mA\vc  va<^vAi  vvvv^ANi^  x^^«>s\^-v\ wn >i««- '•^ 
or  ibctvro  io^'uritliinn  cf  the  second  uumUer. 
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